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Abstract of the Dissertation
Student and Teacher Perspectives on Asynchronous Learning during the COVID Pandemic
By
Michele Ehrhart
Kutztown University of PA, 2022
Kutztown, Pennsylvania
Directed by Dr. Amy Pfeiler-Wunder

The COVID Pandemic shut down schools across the country, leaving K-12 schools
unprepared for virtual learning. In this mixed methods study, I examined data gathered from my
8th-grade science classes to assess the effectiveness of asynchronous instruction. My original
research question was: How much, if at all, did learning outcomes differ as a function of how the
lessons were taught (uninterrupted instructional video versus interrupted/interactive Edpuzzle
video)? Based on a preliminary examination of data, my study expanded into how self-regulated
learning affected students’ comprehension, interest, and motivation. Study results showed no
statistical differences in students’ comprehension based on how lessons were taught. Students
expressed interest in the content that was familiar to them and were more motivated to learn if
they were given a choice of lessons. The number of students who completed the assessments was
significantly lower than expected, indicating a need for further research into engaging learners in
asynchronous instruction. Throughout this process, I examined my pedagogical practices to
embrace the transformative process of teaching and learning. This design thinking action
research will continue through the work of my district’s curriculum committee. It is evident that
for learning to take place schools must continue to focus on the stakeholders in the district and
their needs.
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Chapter 1 Introduction
Overview
A new paradigm for learning was needed when the world was confronted with a deadly
virus in 2020 that resulted in the closure of schools around the world. In the spring of 2020, my
school district pivoted to providing technology for students and their families because COVID19 required all learning to be done remotely. Delivering curriculum became an enormous
challenge because it was unfamiliar territory for all stakeholders in my K-12 district:
administrators, teachers, students, and families. I teach science in a large urban district that
serves the largest population of Hispanics in Pennsylvania (Bureau, 2021), an already
underserved population. When schools closed on March 16th, 2020, my students had few, if any
resources to access remote learning in their homes to continue their formal education. This
situation was alarming for students who were already at an academic and economic
disadvantage. In the Leer El Distrito Escolar, we responded by supplying each student with a
district owned Chromebook, as well as Internet access for student households (2021). The many
changes, often abrupt by nature of the situation, created an opportunity for the district to examine
various approaches to online learning representing a new form of instruction, especially for
elementary and middle schools (Bossier, 2020). Understandably, the first thing that needed to be
addressed was the immediate demand for remote learning access for learners, followed by the
need to learn how to teach remotely and then learn to manage the many challenges that come
with such a rapid and unforeseen transition. As a science educator, I wondered about the
effectiveness of asynchronous instruction for my 8th-grade science students. The unknowns of
remote learning meant a turn towards the design thinking process, as a way to also connect with
students even from a distance. The five phases of the design thinking process: empathize, define,
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ideate, prototype, and test, are a method used to “solve problems in a human centered way”
(Öztürk, 2021, p. 70). Öztürk acknowledged that the socioeconomic situation of students is a
crucial factor when addressing needs within schools, such as my school district’s Title 1 status.
The design thinking approach considers the learning environment, teacher training and how
teachers write instructional plans. Design thinking is a constructivist approach to learning that
can be traced to Dewey’s ideas about making knowledge (1935). Because a constructivist teacher
seeks and values a student’s point of view, I empathetically worked to understand the challenges
of online learning through my local intermediate unit (Gray, 1995). Experiencing remote
learning as a student was challenging due to many facets, such as finding sign in codes and using
document links. Even the recognizable features of the Internet seemed different in this
unfamiliar format. Rather than focus on the overwhelming nature of remote learning, I wanted to
build and create positive learning experiences for my students.
Puzzle of Practice
My research focuses on the best way to deliver the Next Generation Science Standards
(NGSS) curriculum asynchronously to my students. Specifically, I address how 8th-grade
science students in my physics classes engage in asynchronous remote learning lessons on
science measurement. I chose to study the asynchronous format for several reasons.
Asynchronous lessons are assignments posted on a learning management system that do not
require synchronous teacher student interaction. During the virtual school year, in addition to
synchronous class sessions, my district also created asynchronous days during which teachers
were required to post assignments without meeting with students. However, at no time did the
district provide guidelines for asynchronous work, nor for following up on (a) whether students
did the assignments, (b) how well students completed assignments; (c) how and if teachers
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followed up on students’ asynchronous work; and (d) whether teachers adapted subsequent
assignments according to student responses on the work initially posted.
My research examines how a teacher practitioner can continue to learn from and adapt to
this particular puzzle of remote learning practice in the classroom. The character and setting of
my school had significantly changed because of remote learning, and I needed to examine the
problems of practice associated with that change. I chose to use an online lesson developed
during remote learning by a professional learning community (PLC) team of science teachers to
evaluate student scores and feedback to understand how students relate to content by questioning
them about their interest, engagement, and motivation. In addition, I used my teaching journal to
examine how my pedagogy was changing.
I was able to examine my professional practice as I adapted to virtual learning through
my inclusion as an 8th-grade science content lead teacher. Despite the shift to remote teaching
and learning, teachers in the school endeavor to deliver instruction to students in a way that
makes them feel valued and engaged, practicing diversity, equity, and inclusion (Siegel, 2020).
Content lead teachers in my district are members of a PLC of experienced teachers who
represent their school (in my case there were five teachers, one from each middle school) and
who attend regular curriculum meetings with a curriculum director and the content planner. As
my school’s content lead teacher, I played a central role in determining what content was
presented to students as well as the format in which it was delivered. The content planner was a
teacher who volunteered to create online, grade specific content for weekly distribution to be
used by all grade level teachers in the district. This 8th-grade science PLC was an opportunity
for us to streamline the curriculum and analyze the effectiveness of pedagogical methods through
feedback from both teachers and students, which led to my puzzle of practice.
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A puzzle of practice has four main characteristics: core instruction, measurable
outcomes, actionable solutions, and production of improvement strategies (Reynolds, 2015). All
four of these components require dramatic reassessment in light of the abrupt transition to
ubiquitous remote learning; more research is needed to evaluate the effectiveness of different
online practices (Kingsbury, I., 2021). Research analyses of online learning education strategies
in universities and high schools have been ongoing for years, but studies of online technologies
in elementary and middle schools have been limited (Loeb, 2020). My research represents an
effort, albeit an incomplete one, to address the profession's awakening to the many adjustments
demanded by the embrace of technology in instruction. Moreover, technology will continue to
shape educational delivery and pedagogy post COVID-19 (Siegel, 2020).
For the purpose of this study, remote learning is defined as a type of education that
strives to recreate the classroom environment for learners who aren’t in the same physical
location. My district’s implementation of remote learning was intended to mirror the traditional
classroom in both schedule and lesson format. However, I encountered challenges I had not
experienced in the classroom: lack of interaction with students, inconsistent work completion,
and failure to engage in lessons at all. This research looks at how the prevalence of these and
other problems are directly related to remote learning.
In remote learning, all lessons were multimedia because the method of presentation
required the use of two or more methods of communication: activating visual and auditory
pathways while requiring the kinesthetic movement of touching the keys and touchpad.
Multimedia lessons are a type of scaffolding that benefit all students, especially learners who
need additional support (Fenner, 2017). My average classroom size was 25 to 30 students,
primarily second language learners who require multimedia scaffolding in all their lessons (Park,
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2021). Other styles of scaffolding by teachers may include the use of familiar objects, cognates
(Spanish), simplified sentence structure, and chunking of information. Students can choose to
scaffold by using the Google Translate tool, turning on closed captions, and searching the
Internet as needed.
I noticed that my students’ turn-in rate for asynchronous assignments was significantly
reduced compared to synchronous work. I identified more than 90% of my students who
consistently did not successfully complete asynchronous work. Asynchronous work generally
fell into categories of (a) not turned in, (b) turned in with no answers, (c) turned in with multiple
errors, or, (d) turned in with no answers but student comments. Repeated occurrences of these
responses to asynchronous work made me reflect on possibilities for improvement.
Overview of Methodology
In conducting my personal research to support student improvement based on my
reflections above, I used only data collected within the normal classroom setting from my 8thgrade science students. I used mixed methods research approach to examine online learning from
both positivist and interpretivist points of view. In positivism, knowledge is derived from
evidence; I gathered data using multiple choice questions. I employed interpretivism, where
knowledge is derived from experience. I gathered data through reflection questions on how
student interest affects students' learning (Meyer, 2014). The goal of this research is to provide
insight into the goal of online learning: how students learn content delivered asynchronously and
how their interest and engagement varies based on delivery format. Schon’s theory of Selection
Practice was based on the idea that “competent practitioners usually know more than they can
say” (Schön, 1983, p. 8). I kept a more detailed classroom journal to help my professional
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practice by documenting my “ongoing thinking, decisions, and actions” that allowed me to keep
accurate records of my rapidly changing learning environment (Herr & Anderson, 2015, p. 91).
As a researcher practitioner, it was important for me to gather not only student data but
data on my teaching practice as well. To that end, I journaled detailed notes on assignments, then
later returned to those notes and analyzed how I changed over time. In the past, I have kept
anecdotal records on student behaviors, but I now decided to also keep written records of how
students were responding to lessons in my classes. For example, I recorded student comments in
my personal journal with suggestions to myself on addressing student concerns or requests. I
needed to understand what makes lessons more effective for my students and how to make them
more easily understood. In addition, I was able to access the content PLC notes from the 20202021 school year that documented district decisions about 8th-grade science curriculum and I
talked to other content leads about our experiences with asynchronous lesson design and student
outcomes.
In-person classes provide verbal and nonverbal interaction that informs my practice.
Asynchronous instruction removes that personal interaction, so I gave regular Google Classroom
surveys to ask students how they felt about school, and what they needed to help them learn, and
I also asked them specific questions about assignments (see appendix). These answers informed
my instructional design by providing cultural background information that allowed me to
incorporate multimedia that tapped into students' funds of knowledge (Macias, 2021).
Remote instruction created dual challenges to traditional instructional design, both in
what it lacks (in-person interaction and observation) and by the fact that remote instruction is
mediated by technology that has its own learning curve. In an article about reopening school
systems, Dorn et al. (2020) referred to the fundamental teaching practice of differentiated
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instruction for students but acknowledged there is “no one size fits all strategy” for optimal
learning in the virtual classroom. My district’s implementation of remote learning was intended
to mirror the traditional classroom in both schedule and lesson format. However, I encountered
challenges I had not experienced in the classroom: lack of interaction with students, inconsistent
work completion, and failure to engage in lessons at all. This research looks at how the
prevalence of these and other problems are related to remote learning.
Research Questions
● Did learning in an asynchronous science class vary as a function of how the lessons were
taught (uninterrupted instructional video versus interrupted/interactive Edpuzzle video),
as measured by multiple choice quiz scores?
● Did interest vary in an asynchronous science class as a function of how the lessons were
taught, as measured by qualitative questions?
● Did motivation in an asynchronous science class vary as a function of how the lessons
were taught, as measured by qualitative questions?
● How did asynchronous science instruction impact my teacher pedagogy over time, if at
all?
For the purpose of this study, comprehension refers to students’ ability to correctly
answer content questions after completing lessons. The word interest is used to describe
students’ engagement in lessons (based on survey responses). Interactive lessons incorporate
activities that compel students to interact with content to encourage students to participate in
their own learning. Instructional lessons provide content information for students that those
students are expected to master. I interpreted students’ interest and engagement by the detail and
positivity of their responses to survey questions.
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Question 1: Did learning in an asynchronous science class vary as a function of how the
lessons were taught (uninterrupted instructional video versus interrupted/interactive Edpuzzle
video), as measured by multiple choice quiz scores?
My study examined how I could use the Google Classroom learning management system
to assign two different types of lesson formats that may affect the learning comprehension of
8th-grade science students. I gathered information related to students’ interest in science as well
as their reflections on the lessons.
Qualitative data was used to determine students’ interest in learning as well as students’
motivation. Data was collected through student surveys and reflection questions included with an
objective multiple choice test on a Google Form. The outcomes from both quantitative and
qualitative portions of the test were compared and analyzed with the expectation that the
qualitative student response would validate the associated quantitative scores.
Question 2: Did interest in an asynchronous science class vary as a function of how the
lessons were taught, as measured by qualitative questions?
This research study provided a critical analysis of student mindsets towards learning.
Specifically, did my 8th-grade science students respond to pedagogical variations of content
delivery? My research focused on determining whether the methods and practices employed in
traditional classroom instruction, i.e., interaction (based on constructivist theory), were necessary
and effective in online schooling (Longo, 2016).
Question 3: Did motivation in an asynchronous science class vary as a function of how the
lessons were taught, as measured by qualitative questions?
Based on asynchronous teaching experience with the research participants during the
2020-2021 virtual learning year, I had a few conjectures about testing outcomes. Would the
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instructional learners have higher scores because they are accustomed to watching videos, e.g.,
YouTube, TikTok, Snapchat, Instagram, and do not like stopping the narrative to answer
questions in the interactive video? This was a problem of practice because my district encourages
the use of the Edpuzzle app. During district curriculum meetings, the science PLC discussed our
observations of the type of assignments students were likely to complete, the apps that gave
teachers specific feedback, and the data to support our discussions.
Question 4: How did asynchronous instruction impact my teacher pedagogy over time, if at
all?
My teacher's reflections are metacognitive descriptions of my pedagogy over the course
of my research. In trying to ensure that students bring their 'student self' to the virtual classroom,
research can help determine the path by which students can understand the content and engage in
their lessons (Hennington, 2021). Determining which factors contributed to student
understanding was the core of this study; the underlying assumption was that a student's interest
in the topic, as well as the lesson format, affected comprehension. A meta-analysis of interest,
prior knowledge, and learning found a linear relationship between interest and knowledge
constrained by complexities associated with study methodologies (Tobias, 1994).
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Significance
As online learning became more common, researchers sought ways to gauge the amount
and quality of interaction with learners (Gray, 2019). In 1994, in the American Journal of
Distance Education, Ellen Wagner stated that while technologies are capable of providing twoway interactivity, user skill is necessary to successfully bring about interaction in an instructional
context. She defined interaction as taking place when the learner does something in response to
the teacher as well as when the teacher does something in response to the learner. As research
into improving online education develops greater ubiquity as well as complexity, studies show it
is not sufficient to apply the traditional in-person classroom model to the remote learning
classroom, “Many of the challenges facing education today, in the classroom and online, are due
to the fact that we are developing and employing 21st century tools for 18th century constructs”
(Gray, 2019, p. 476). Too often teachers employ an instructional model in the classroom where
content is delivered from teachers to students, however, student participation is not required. An
interactive lesson model requires that students respond in some way for the lesson to proceed.
New technology and its integration during COVID-19 hold promise for post COVID-19 inperson schooling as well (Vegas & Winthrop, 2020). Since remote learning was the only option
for my students, its effectiveness was a top priority and the situation created opportunities for
study.
Traditional science classroom lessons in United States public schools are based on the
constructivist theory that posits students must actively engage in learning and make connections
to the content in order to learn (Juvova et al., 2015). Hands-on learning is not an option for most

Asynchronous Instruction

23

virtual learners, so I investigated effective alternatives. The constructivist teacher believes
students build on their prior experiences to make sense of the world (Alber, 2011). Students must
take an active part in their education; learning does not happen without student engagement
(Wang & Degol, 2014). Adapting to a new type of teaching for virtual learning requires the
cognitive openness to take a holistic approach to teaching and learning (Tully, 2021).
Public School in-person instruction is generally carried out in the United States through
teacher-created instruction, but the skills that teachers develop inside the classroom do not
always transfer to virtual instruction (Stern, 2016). Technology is not a panacea, but computer
learning provided schools with a viable option for mass produced learning from a distance
(Kimmel, H., & Deek, F., 1996). What technology could not immediately provide were lessons
that students felt comfortable working on from home (Burry et al., 2020). To compound the
problem, most students in our district did not have access to computers or the Internet in their
homes prior to the pandemic. Further, many students are emergent bilinguals who are not able to
get support at home for many reasons associated with poverty. Students wanted a familiar,
understandable assignment that they could work on and feel successful finishing. Many schools
met this demand with the services provided by a proliferating interactive online learning
industry. In reference to the number of students entering United States schools, Tomlinson &
Imbeau, 2012, caution that, “Young people who speak a language other than English at home
increased 179 percent between 1979 and 2004 and the number who speak English with difficulty
rose 144 percent.” These numbers are representative of my district’s Spanish Speaking
population.
There were many unanticipated challenges caused by the pandemic exacerbating
education inequities. Kuhfeld et al., 2020, stated, “School districts are on the front lines to help
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ensure that all students have access to academic materials, instruction, and digital resources” (p.
559). Teachers in my district lacked both training and experiential knowledge to traverse the
digital terrain. The challenge with new technologies was not simply confined to the school;
families and community organizations were also unfamiliar with the technology used in this new
setting, so this remote setting was considered a true learning opportunity (Anu V, 2021). This
school setting was both novel and challenging, offering opportunities to reexamine educational
paradigms.
Demographics
The school in this study was a large urban district with 100% of students receiving free
lunch and, according to the 2020 Census Reporter, a median income of $35,745. The district
implemented 100% remote instruction for all 17,900 students due to COVID-19 restrictions. The
majority of the students at Leer El Distrito Escolar were emergent bilinguals who are commonly
known as English Language Learners (ELLs). ELLs are the fastest growing population in the
United States (Flynn & Hill, 2006). This population of students has very specific needs which
have been amplified by the pandemic (Park, 2014). It is critical that ELLs are provided with the
appropriate academic support to ensure success in school (Krimmel, 2020).
Researcher Positionality
I am a Pennsylvania educator with a secondary science certification. I am a white,
middle-class, cisgender, heterosexual female who works with Latinx, economically
disadvantaged, adolescents. Ninety-nine percent of my school is considered underprivileged,
whereas I come from a position of privilege. I was raised in a nuclear family, in one home, and
schooled with students who shared my cultural values and traditions. Many of my students are
transitory, live with extended family or with relatives, and have varied experiential backgrounds.
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In the practice of remote learning, both my students and I were novices. We engaged in a
type of asynchronous learning that was a challenge for me because I was trying to teach familiar
concepts using new online methods. It was also a challenge for my students because they tried to
learn new concepts on their own without having the familiarity of a teacher or classroom upon
which to rely. By evaluating the effectiveness of online learning approaches, I found that the
positionality I normally have in the classroom looked completely different in distance learning. I
was at a tremendous disadvantage in terms of the generation gap; technology is a different thing
to my students than it is to me. But, as Dewey says, you're capable of identifying “... the kind of
present experiences that live fruitfully and creatively in subsequent experiences” (Dewey, p. 28).
Although my students are generation Z which implies they have been raised on the Internet and
social media, due to a variety of reasons related to poverty, transience, or culture, most do not
have the technical skills or social media exposure of other American adolescents. In today’s
digital divide, my students have unequal access to power and resources (Garcia & Weiss, 2021).
“Some students lost family members; others had caregivers who lost their jobs and sources of
income; and almost all experienced social isolation” (Dorn et al, 2020). They relied on people in
their households to provide the space and time needed to engage in schoolwork. A majority of
the Leer El Distrito Escolar students live in crowded households and/or single parent households,
making it difficult for them to get one-on-one help.
I was no longer the authority or the facilitator, so although some students were more
empowered, other students fell farther behind. The school provided Chromebooks, pencils, and
paper for students. My positionality was more of a liaison to learning than a conduit. I designed
the research lessons to incorporate what I consider interesting because embedding stories and
music into learning fundamentally appeals to humans (Crowther et.al., 2016). My positionality as
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a doctoral student during this study also influenced my work. I completed my studies virtually
even as my students returned to the face-to-face classroom. I felt a disconnect between the
connections I was trying to make for my students and the lack of connection I was feeling in my
own academic pursuits.
Background and Context
Pseudonyms have been used to preserve the anonymity of my school. Located in
southeast PA, Leer el Distrito Escolar is a Title 1 urban school district founded in 1852. Federal
funds are provided due to a high percentage of low-income students. The district comprises 19
schools: one senior high school, five middle schools, and thirteen elementary schools. It also has
a virtual academy and partners with the Burro Pueblo School District’s career and technology
center. Leer el Distrito Escolar’s website counts 17,900 students and 2,000 faculty and staff,
making it one of the top 8 largest school districts in Pennsylvania and the 6th largest employer in
the county.
The student race/ethnicity breakdown shows the majority of students identifying
as Hispanic. This is of concern due to the Centers for Disease Control and
Prevention’s statistics (2020) showing that Black and Hispanic children are at
greater risk of COVID-19. My school district has chosen to protect the health of
our students and their families and in doing so, invest time and resources into
innovative ways to meet the needs of students, especially those with special
needs.
2018 Future Ready PA Index
The following illustrations cite student demographics:
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2021 Future Ready PA Index
Garcia and Weiss of The Economic Policy Institute state, “Extensive research has
conclusively demonstrated that children’s social class is one of the most significant predictors—
if not the single most significant predictor—of their educational success” (2017).
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Curriculum

My district used the Next Generation Science Standards (NGSS) science curriculum.
NGSS has fixed content, scope, and sequence. The research topic chosen for this study falls
under the category of Nature of Science (NOS), a subset of skills/content knowledge acquired
during laboratory practicum. The lack of laboratory activities due to remote instruction was a
learning gap that will affect how students apply science learning. Although not ideal,
asynchronous lessons on NOS may bridge academic experience gaps (Driehaus, 2021).
Theoretical Framework
My research was informed by learning theories that explain student engagement in online
learning. Constructivism addresses questions related to the learners, my 8th-grade science
students. The Cognitive Theory of Multimedia Learning stresses how to use the medium through
which remote learning pedagogy takes place. Transformative learning focuses on my reflections
as a teacher.
Constructivism
Although social constructivism is the predominant learning theory in the in-person
science classroom because of the hands-on, interactive, and interpretative nature of content
learning (Dewey, 1944), engagement in the virtual learning setting takes on different forms. In
the traditional sense, constructivist teachers encourage students to take ownership of learning
(Jonassen, 1985). That said, many of the components of constructivist learning still apply within
the radically altered remote learning environment. Students are put in a position where they need
to take ownership of their learning, just as in traditional classrooms. Students' learning age is also
crucial in determining the most effective means of content delivery (Akyol et al., 2010). In order
to fully engage students, content must appeal to behavioral, cognitive, and emotional
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considerations. Student engagement with content is a function of behavioral (active
participation), cognitive (give full attention), and emotional (positive outlook) factors (Wagner,
1994).
How does this translate into the remote learning classroom? In remote learning theory,
instructors design in-person instruction and then ‘simulate’ it in the online learning environment
(Lee, 2011). In developing interactive physics lessons, there are several components needed to
inform the learner. There is the concept, the mathematical underpinning, and the connection of
abstract thinking to real life. Lesson developers for middle school students build on the small
reserve of students’ contextual knowledge. In 2012, Stefanescu attempted to implement
interactive teaching in physics using computer assisted learning. This study was designed to
encourage teachers to be open to changing the way they teach by integrating computer
simulations into the classroom. In his study, students were not only able to learn independently
but also demonstrated increased interest in physical activity. Computer-assisted learning,
diagnostic programs, and software applications are cited as effective in many studies, however,
my study differed because I used teacher designed lessons within a school learning platform.
In his 2017 study on theories and frameworks for online education, Picciano outlines
theories of remote learning for middle school learners as well as differentiated computer-based
teacher instruction. Picciano’s multimodal model is a method to develop coursework that
includes multiple approaches to learning that recognize how students use technology, student
learning styles, and generational characteristics of students. Considering how students use
technology is relevant to instructional design. Bates, the author of the 2019 textbook, Teaching
in a Digital Age, explains how to frame decisions about teaching, regardless of the technology
we use. He encourages teachers to think about how students develop computer literacy skills as
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well as how they learn to use digital tools. As a scientist, I believe the value of embedded
scientific thinking is crucial to understanding NOS significance. Science vocabulary, measuring
systems, and tools must become a common component of 21st-century learning if students are to
be knowledgeable of the world in which they live. According to Bates, once students acquire
knowledge, they must validate it through experience or exposure to its significance. In the virtual
classroom, student experiences are limited by the inability to perform experiments, explore
phenomena, and examine sources of error (Stefanascu, 2017). Technology provides alternatives;
for example, I encourage students to watch the daily news because it allows them to relate to
larger concepts. Most of the costly issues encountered by the National Aeronautics and Space
Administration (NASA) are due to mistakes in scientific thinking. A notable (and expensive)
example of this is the $125 million Mars Climate Orbiter loss because some scientists measured
it in feet and others in meters. Teachers can convey the advantage of calculating with SI through
this and other relevant examples, including the current issue of public health.
The Cognitive Theory of Multimedia Learning
Teachers use varied tools to convey meaning. The multimedia aspect of virtual learning
requires significant cognitive processing for students. Mayer’s cognitive theory of multimedia
learning encompasses the learning theories previously mentioned into one unified model of
learning that factors in student engagement, instructional design, pedagogical tools, and
meaningful learning (Mayer & Moreno, 2003). The following diagram has two rows that
represent the information processing channels, i.e. Visual Pictorial and written verbal. The
diagram also has five columns representing modes of knowledge.
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Figure 1.3
Modes of Knowledge
The Cognitive Theory of Multimedia Learning

(Mayer & Moreno, 2003)
Sensory representations are those that take place in the ears or eyes of the learner, while
shallow working memory representations are the sounds or images a learner notices or
attends to during the instruction. Deep working memory representations are verbal and
pictorial models constructed by the learner, and lastly, long term memory representations
are what the learner already knows about this particular instruction (Instructional Design,
2019).
Mayer and Moreno (2003) examined ways to reduce cognitive load when using
multimedia sources. One way is to present words as narration. In my assignments, all videos
included closed captioning which is required by Section 504 and Title II of the Americans with
Disabilities Act (Flynn, 2017). Although closed caption videos were originally intended to assist
the hearing-impaired and are used extensively for ELL, a study by Jae, 2019, found that all
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students without specific learning needs also benefited from closed captioning in both
understanding of content as well as improved attitude towards educational videos. In my virtual
classroom, all students had the option to use Google translate, an app that auto translates both
written and spoken words into the language of their choice.
Another way to decrease cognitive load is by chunking information into shorter/smaller
passages, which is a scaffolding practice employed for ELL learners (Fenner & Snyder, 2017).
Chunking makes the material more accessible to students who are intimidated by long reading
passages. Limiting the amount of reading the information provided at one time allows students to
work through the material at their own pace. Cognitive load can also be reduced by keeping
material focused (Chanel & Paumier, 2020). Narrowing the scope of the study as well as
providing themes across content areas helps to reinforce vocabulary and streamline instruction.
In addition, it is important to synchronize words and pictures to allow integrated processing,
which makes information more coherent for the learner (Mayer & Moreno, 2003). Pictures and
videos reinforce vocabulary and contextual understanding.
The cognitive theory of multimedia learning says that people learn better from words and
pictures than they do from pictures alone (Mayer, 2021). This basic premise has led to systematic
research to analyze how and why people learn from everything from educational games to
computer simulations. A learner centered approach focuses on how we can use multimedia to
enhance learning (Mayer, 2010). There is an active element to the idea that we should use
technology to aid in cognition rather than simply providing information. The three major
components of Mayer’s theory are dual channels, limited capacity, and active processing (Mayer,
2021). The dual channels assumption is that humans process auditory information and visual
information separately but when a person is cognitively engaged, they can process information in
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either channel by mental conversion (Paivio, 2013). The limited capacity assumption is that
humans can only process a certain amount of information at a time (Baddeley, 2005). The active
processing assumption is that humans engage in active learning by focusing on relevant
information, creating mental representations, and integrating those representations with prior
knowledge (Wittrock, 1989). The following organizer explains multimedia learning principles:
Figure 1.4
Multimedia Principles
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Adapted from Mayer, R. E. (2009). Multimedia learning (2nd ed.). Cambridge University Press
The Theory of Transformative Learning
I identify as a teacher researcher. For more than twenty years, I have delved into ways I
can expand my pedagogical framework and deepen my knowledge base. The COVID-19 school
shutdown made me acutely aware that my reflective practices primarily focused on my students,
their parents, and the school community, but not on my personal needs and growth as a teacher.
Mezirow’s Theory of Transformative Learning extends reflection to the teacher’s frame of
reference to codify how the teacher’s experience shapes their decision making. “Adults have
acquired a coherent body of experience—associations, concepts, values, feelings, conditioned
responses—frames of reference that define their lifeworld” (Mezirow, 1997, p. 5). Instead of
operating out of a mindset that my experience and training are sufficient to meet the needs of the
day, I have taken on a reflective action approach to examining my practice and my changing
values (Schon, 1983). Reflection-in-action involved analyzing my journal observations to
evaluate how I was feeling and thinking during the COVID schooling changes and using that
information to guide my teaching practices.
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The Transformative Model methodology applies to reimagining the status quo. In
Johannsen’s work, 2008, the term status quo is used in the same way Mezirow used the term
frame of reference. The operational frame of reference for K-12 schools was primarily in-person
learning with the inclusion of some virtual learning (also in the classroom). In 2018-2019, my
district provided teachers with professional development on “flipping” their classrooms. In the
flipped classroom model, students receive general instruction at home online through teacher
video or other online assignment so that in class time is spent on interactive activities such as
labs, discussions, peer teaching, or problem-based learning. Although the flipped classroom
movement was gaining momentum, my school district’s students did not have one to one device
at home. COVID-19 was the precipitating event that disoriented traditional school practices.
Dramatic events tend to promote transformation (Torosyan, 2007). Remote learning was
dramatic and the resultant issues in remote learning led to problem solving and innovation.
Research and observations may determine if the cycle was transformative in the asynchronous
classroom. Student transformation may occur as students develop computer skills, increasing
their self-confidence which leads to improved virtual learning competencies. Asynchronous
learning allows students to work at their own pace and to repeat information as needed,
decreasing the peer pressure sometimes felt in in-person classes. My transformation goals are to
be more communicative and empathetic. The enormity of changes, including the technological
and social upheavals that affected our schooling, had many implications, but I investigated only
one component, asynchronous learning, of which I had firsthand knowledge. Johannson created a
transformative learning model (Figure 1.5) that begins with a disruption that leads to expansion
and sustaining practice. Since the pandemic created a disruption, his model is ideal for
reimagining the status quo in schooling (2008).
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Figure 1.5
Transformative Learning Model: Pivotal Stages, Processes, and Embedded Elements

(Johansson, C.,2008)

Definitions of Terms
Remote instruction where the student and the educator are not physically present in a
traditional classroom environment.
Virtual instruction the learning experience is enhanced by technology, regardless of the
space in which it takes place
Asynchronous learning instructional interactions occur in different locations and times as
opposed to real time interaction between teachers and students. Asynchronous means there will
be no live lessons, and students will instead complete online assignments.
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Interactive lessons incorporate activities that compel students to interact with content to
encourage students to be participative in their own learning.
Instructional lessons provide content information for students that those students are
expected to master.
Multimedia instruction presentations involving words and pictures that are intended to
foster learning.
Scaffolded instruction uses teaching supports that enhance learning, such as: translation,
repetition, realia, read-aloud, and extended time.
Summary
In a time when COVID-19 has made virtual school normal, teachers must develop
different communication skills and practices than used in an in-person format (Kingsbury, 2020).
Because my digital competencies are more advanced than some of my students, it is difficult to
determine appropriate pedagogies to use with my more inexperienced students. In my own
experiences with online learning, I have found that I react to content or technology in ways that
were atypical of my experiences in in-person situations. This phenomenon is described in a case
study on an online master’s program for middle school teachers; the researchers questioned the
practicality of having teachers learn online and used a design-based research methodology to
determine the significance of issues needed for learning to occur (Lee et al., 2011). Issues that I
felt I could address by using multimedia learning are repetition over time, relating new
information to what students already know, reading aloud, elaborating on ideas and allowing
time to rehearse learning. As a professional intent upon improving my practice, I empathize with
the idea that “if we examine what we are teaching and how we are teaching it, rather than when
and where we are teaching, the pandemic has revealed possibilities we had not considered
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before” (Meyer, 2021). My hope is to learn and even transform my teaching through the research
as I examine and reflect on my practice, including a specific examination of how my lessons
affect my students when they are working independently. In the following section, I provide
relevant literature on my chosen topic and research question.
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Chapter 2: Literature Review
Overview
My research problem is whether interactive or instructional lessons are better for
students’ asynchronous assignments in an 8th-grade science class. In the course of switching to
remote learning, I observed that few students turned in my asynchronous assignments. My
students’ self-reports during synchronous classes indicated low motivation and high frustration;
they told me that they didn’t like remote schooling, they felt alone and bored.
The Leer el Distrito Escolar was aware of the students' feelings and adapted curricular
changes to address students’ feelings of frustration and alienation. My district’s adoption of the 5
E's lesson format as well as the purchase of an Edpuzzle subscription (an assessment centered
website for creating interactive videos) was based on the assumption that interactive lessons are
preferable to passive instruction. However, the circumstances surrounding the COVID-19
pandemic changed what I considered typical in these exceptional times. The unprecedented
nature of the COVID-19 school shutdown created a challenge for schools to use technologies to
recreate the school environment. For my literature review, I selected research on learning in a
COVID-19 world, science education and philosophies of education research, reading level,
digital capital, and equity, tailored learning that includes scaffolded instruction, instructional
design, digital learning for ELLs, student engagement, multimedia instruction, spaced repetition,
school curricula and how practitioners talk about learning.
Research that specifically addresses how teachers should create or present lessons
asynchronously to middle school 8th-grade science students is appearing in journals and
educational blogs. The speed at which information technology is developed causes early
obsolescence for some innovations but also allows fluidity in redesigning instruction. Referring
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to remote learning, Wagner (2019) said that even though the role of the teacher will persist, the
manner in which teaching occurs will vary. It is the understanding currently that a teacher's role
in the classroom may take many forms: leader, encourager, listener, learner, negotiator, and
mediator (CORE, 2020), but these rules lose significance in asynchronous instruction since the
personal social interaction is removed.
Learning in a COVID-19 World
Some research conducted on learning during COVID-19 had been collected from
teachers using Google forms through various blogs and education websites. In a study by Rivero
(2020), teachers responded that they were responsible for designing lessons; however, only 21%
of teachers responded that they were able to continue using digital resources from their existing
curriculum. This was a problem that my school was dealing with; the online textbook was
difficult to access without teacher assistance, and the sites we used for diagnostics and content
knowledge were often “graphics-heavy” or required streaming, making them difficult or
impossible for students to use with limited or shared Internet access. According to a study by the
World Economic Forum (WEF, 2021), intensive teacher support can lead to self-led learning
with or without technology. Technology that can be used to diversify schooling for students with
different needs should make remote learning practical for students around the world. Another
point made by WEF researchers, (Wilichowski & Cobo, 2021), is that teachers must be trained
and willing to engage in initiatives that help them connect with students on whatever platform is
being used. The Brookings Institute also cited the World Bank's optimism that COVID-19 can
make public education more inclusive than it was prior to the pandemic. Some of the assets
considered were the increase in parental involvement in education, the introduction of
technology to homes that was not available before the COVID-19 crisis, innovative pedagogical
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strategies that address varied needs of students and situations, and the universality of online
learning that may decrease student segregation (Vegas & Winthrop, 2020). Technology in the
homes allows students to develop their digital capital, that is, their ability to access and use
technology for learning. Acknowledging that change is possible (because it was necessary)
makes change more probable in the future (Pitts, 2020).
Research on the effectiveness of online versus in-person instruction shows no statistically
significant differences in student success between schooling types when analyzed by
demographics, learning styles, and learning preferences (Neuhauser, 2002). More recent studies
that looked at demographics indicated disheartening outcomes due to “the reality that the
{COVID-19} crisis is having an unequal impact on our most underserved communities’
(Kuhfeld et. al, 2020, p.562). Lack of both teacher and student experience in online instruction
was one concern, but the broader issues of societal upheaval due to the public health threat,
economic shutdown, and social justice protests affected students in a way that is difficult to
measure (Kuhfeld et. al, 2020). The term “Pandemic Learning Loss” had become a hot button
topic as it stigmatized student learning. The impact of the pandemic on learning loss on lowincome students was exacerbated by job, housing, health, and food insecurity (Goldstein, 2021).
Although online learning educational inequities adversely affected minority and low-income
families, some underserved students did benefit. Immigrant students, who often had education
gaps due to transience and language difficulty, were more likely to stay tuned in to virtual
learning and use online translation tools (Inemesit et al., 2020). During the pandemic, students
were allowed by law (across the United States) to take district devices out of the state and even
out of the country and remain enrolled and engaged in their virtual classes, thereby providing
continuity of education (Tully, 2021). A number of my students traveled during the school year
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and all of them were able to connect and attend classes from their remote locations, e.g., Puerto
Rico, Dominican Republic, Chicago, Texas, and Florida. In a normal school year, these students
would miss the entirety of classes while they traveled and, depending on the length of time they
were gone, may have had to unenroll and then re-enroll, not guaranteeing their placement back
into the same classes.
Science Education
Philosophy
Science played an important role in understanding COVID-19 globally as scientists
worked to understand the disease and its impact on global health as scientists worked to answer
questions the world was asking. Science teachers should take advantage of the pandemic
challenges to 1) introduce students to primary sources such as the World Health Organization
(WHO) and the Center for Disease Control and Prevention (CDC); and 2) analyze the
information they hear on the news, in their homes, and on social media such as YouTube and
TikTok (my students’ two favorite apps). In a 2020 opinion paper in Science and Education,
Reiss analyzed ways that history, philosophy, and sociology impacted how the nature of science
was taught. He mentioned that “measurement lies at the heart of science and raises a number of
philosophical issues” (p. 1085). Measurement is one of the most essential things science students
learn in order to “do” science. As such, it was the topic that I had chosen to present to students in
my study. Although my lessons were on basic concepts that have been repeatedly spiraled
through science curricula since elementary school, the importance of how and why scientists
measure is a topic that can be explored to make what is happening in the world more
understandable and relevant to students. Rowland et. al. (2020), found that various studies’
exploration of how to define and measure students’ interest in biology used different operational
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definitions of the word “interest”: “Terms such as “curiosity,” “attitude,” “liking,” “attention,” or
“engagement” were conflated in the literature with “interest,” despite having distinct definitions
and meanings.” Interest research by Hidi & Renninger (2006), explored educational implications
for how teachers can create situational interest, the immediate response to stimulation, and
maintain interest by tapping into both affective and cognitive domains in the learner.
A major component of a teacher’s lessons depends upon personal perspectives. Teachers
enact hidden and implicit curriculums that are not always apparent to themselves as practitioners
(Wojcik, 2010). Within the asynchronous environment, these biases can be exposed and reflected
upon because the materials are always present and there remains a record of the interactions
between the teacher, the content, and the learner. In a 2014 paper by Jansen and Berkel, the
authors pointed out that there are many perspectives on science in society, so the philosophy of
the teacher takes center stage. Likewise, a Kubli (2010) study asked if we need a philosophy for
science education, saying that there should be a more humane approach to teaching physics
based on historical consequences and how (and why) to help students understand the true nature
of science.
Why do students need to understand the true nature of science? Pokerznik stated that “If
science is to be meaningful for future generations, the curriculum must better reflect the
students’ social worlds” (2011, p.40). Teachers look for ways to integrate content learning into
students' cultural conceptual backgrounds. Although currently schools engage in constructivist
learning, an article by Robert Shaw on Heidegger's philosophy of science said we need to
explore the nature of science; that students must be philosophers, not just understand or engage
in the utility of science (2013).
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Transformational Teaching and Learning

Transformational teaching is a process in which the teacher creates a dynamic mindset
that engages students in transformational learning where students are engaged and develop
critical thinking skills (Robinson, 2010). In Marzano’s 1998 Theory of Taxonomy of Learning,
he proposed that student choice has three significant outcomes: increases in student effort, task
performance, and subsequent learning. Coupled with Mezirow’s Theory of Transformative
Learning (1997), I was guided to evaluate and reflect on my teaching pedagogy Mezirow et al.
theorized that student learning was connected to and enhanced by past experiences (2000). In my
teaching practice with English Language Learners (ELLs), I, along with my colleagues, learn as
much as we can about our students' funds of knowledge and attempt to build on that using
objects and materials from everyday life.
Teachers have distinct foci in a transformational classroom: instrumental learning and
communicative learning. Instrumental learning is the task oriented problem-solving process
whereas communicative learning is how students work from their own frame of reference to
develop new perspectives and assess values (Mez, 2000). In asynchronous learning, the ability to
provide meaningful choices for students was hampered by the lack of interaction between
students and teachers. I addressed this difficulty through the design thinking process with my
peers. Design thinking’s intent is to solve problems by addressing people’s needs and responding
to human feedback (Luka, 2014). We attempted to empathize with our students based on both
our own feelings and Google Classroom student comments and we attempted to build
meaningful lessons that would encourage students to stay involved by taking control of their own
learning.
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Transformative Learning in Science
Science is empirical by nature, but empirical tests do not have a communicative
component. A mixed methods approach is a way to gather empirical data about learning while
also unveiling feelings and values information about the participants. In my research, I engaged
in familiar task-oriented problem-solving (objective reframing) by gathering and analyzing
classroom data. I also worked on a self-reflective assessment (subjective reframing) by writing a
journal about PLC work and Google Classroom assignments (Mezirow, 1997). The purpose of
self-reflection was to bring an analytical component to the positive and negative feelings I had
about the process of lesson creation and student interaction during the COVID-19 shutdown. The
intent of reflection was to help the practitioner make better choices about future teaching as well
as provide a greater capacity for coping with changing situations (Schon, 2010).
Application of Science Learning
I chose the International System of Units (SI) as my research lesson topic: students must
speak the language of scientific measurements fluently. Students focus on real-life situations, in
this case using a measurement system, so they can implement practical solutions (Lynch, 2021).
The asynchronous format does not lend itself to the typical social constructivism practices in
science classes, so I experimented throughout the year with other strategies that could help
students develop their thinking.
Another reason I chose SI as the research content is that it is typically considered a
neutral topic. In my experience, few students express a desire to learn more about measurements.
This neutrality is conducive to establishing a baseline metric. If students expressed interest or
engagement in the lesson, it would indicate the research treatment had some effect. According to
multiple data measures such as standardized testing and differentiated learning systems used by
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my students, measurements are a standard that falls into the “needs improvement” category (Leer
El Distrito Escolar, 2021). The data drove instruction and available tools drove lesson planning. I
hoped that the lessons used in this study would strengthen my student’s ability to use scientific
tools more independently.
My study focused on short term science learning to integrate the skill (SI) into a spiraled
curriculum that led to laboratory work. In an article on science interest in urban youth, Basu and
Barton used a qualitative case study to examine why urban, low-income students thought science
was boring, confusing, or frustrating (2007). They found that as students did science, they were
more likely to experience intersections with student funds of knowledge, including but not
limited to knowledge of the scientific method, reading level, and language ability. During inperson schooling, I struggled with the time allotted to teach the nature of science concepts.
Students must have the prerequisite knowledge of tools, methods, and measurements to engage
in science activities, but they were difficult to teach during lab activities since class sizes were
large (thirty students), and if students didn’t have prior mastery, they often misinterpreted data.
Asynchronous lessons have the unique quality of being available for review and practice
indefinitely so students can master content. The goal of this study was to create lessons for
students to work at their own pace to master measurements. Since the lessons were teachercreated and responses were specific to each lesson, I was able to receive data, create alternative
or supplemental aids for learning, and provide personalized feedback for each student.
Reading Level
Reading ability is a major indicator of science and math achievement, as is family
support (Akbash et al., 2016). In a study of fifteen-year-old students, there was a positive
correlation between high reading scores and high math and science achievement. Conversely,
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there was a negative correlation between low reading scores and low science and math
achievement. Performance in science and math was also directly related to family support, which
affected both student morale and motivation. Akbash et al., 2016, determined that there was a
particularly strong need for students in marginalized groups to understand science and math
concepts because it helps them prepare for their future. Additionally, studies demonstrated that
the use of everyday language in science facilitated understanding for all students, and the use of
video instruction improved understanding for students with low reading skills (Helwig et al.,
1999).
A study of reading science-integrated curriculum in middle school proposed that the
relationship between reading and science is so important that educators should “rethink the
existing structure, curriculum, pedagogy, and culture in secondary schools” (Fang, 2008). Even a
small amount of reading can significantly improve students’ science comprehension (Fang &
Wei, 2010). My district impresses upon faculty that every teacher is a reading teacher. Multiple
studies have shown that reading improves the brain’s functional connectivity so that the ability to
read affects the brain’s performance in other areas; Lexile levels (Appendix G), therefore, serve
as an indicator for student success in school subjects as well as other aspects of life (McNorgan,
2021). Although math and science can be challenging for various reasons, research shows that a
linguistic component affects school results (Stoffelsma & Spooren, 2018).
Online Learning
Accessing educational content through the use of a computer, phone, or similar device
using the Internet is online learning (Singh & Thurman, 2019). In a systematic literature review
defining online learning, Singh & Thurman provided the terminology for readers to understand
the concepts and definitions of online learning that have evolved over time. Higher education has
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employed online learning for years, but prior to COVID-19, online learning in K-12 schools was
limited and required significant teacher training and resource allocation.
Initially, for me as a researcher, the interchangeability of terms was confusing (online,
remote, virtual, synchronous/asynchronous). In their study of 151 research articles, Singh &
Thurman noted that a large number of studies discussed how confusing online terminology is
because of the number of synonymous terms used, e.g., distance learning, eLearning, distance
education, and web-based education all refer to learning outside the traditional classroom.
Another relevant issue that affected my students was the use of technology and how changing
technology affected accessibility to content.
Two concepts that I explored in more detail were asynchronicity and interactivity. The
ability of students to access instructional material whenever their personal schedules allowed was
an important factor for students who chose online learning as their primary mode of instruction
(Hurlbut, 2018). Asynchronous assignments gave my students the opportunity to learn at their
own pace without feeling pressured. Students who felt comfortable in online environments
showed higher overall course grades in Hurlburt’s study. Districts that were online during
COVID-19 have found mixed responses from parents on virtual learning benefits not necessarily
related to course success. Surveyed parents from marginalized communities sometimes
responded that the virtual classroom was the “most convenient and comfortable” place for their
students. According to parents, online learning provided an opportunity to avoid student profiling
based on race, gender, language, and/or disability, but also was an opportunity for immigrant
families who were able to learn from any location (Lieberman, 2021).
Educators are expected to modify instruction to make online asynchronous assessments
effective for students (Gaytan & McEwen, 2007). Meaningful and timely feedback provides an
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important scaffold for learners (Gaytan & McEwen, 2007; Goodell & Kessler, 2020). The
Google Form my students filled out for their student surveys provided immediate feedback on
multiple-choice answers. A few students asked questions or asked for help during the
synchronous class time and/or through private Google classroom comments; I responded to those
students individually. In addition to feedback, an important cognitive principle I integrated into
my study was scaffolding using multimedia. Students retained what they learned if they thought
about why it was important and if they managed their cognitive load by limiting the amount of
new information learned in each session (Goodell & Kessler, 2020). The ability for students to
create meaning and confirm understanding was the goal of interactive learning. In my study,
interaction took place between the learner and the content. How interactivity took place in online
learning was complex and required a “comprehensive perspective” for teachers to design lessons
that included manageable content with congruent assessment (Garrison & Cleveland-Innes,
2005). I chose to design asynchronous lessons to decrease the amount of teacher influence and
researcher bias. Removing teacher bias was important in this study to ensure the repeatability of
results. In an in-person or synchronous environment, a teacher is inclined to provide
encouragement, advice, and answer questions. Teacher bias can have a dramatic impact on
students’ learning comprehension and engagement.
Transactional Distance
Researchers’ comparisons of in-person and virtual learning generally concurred that the
advantages of virtual learning for students were time flexibility and student autonomy (Means,
2009). Means’ meta-analysis focused specifically on online instruction but was limited by the
scant amount of research done in K-12 online schooling. The biggest disadvantage found in
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asynchronous instruction was the lack of transactional learning (Griffiths & Graham, 2020),
however, there were ways to mediate that through online discussion boards (van der Keylen et
al., 2020). Ideally, online courses should allow for both synchronous and asynchronous learning
to solve different instructional problems that meet goals for both the course format and the
characteristics of the learners (Mutawa, 2020).
Moore’s Theory of Transactional Distance combined humanistic pedagogy with
behaviorist valuing both instructional design and teacher-student interactivity (Moore, 2012). His
work emphasizes the need to create a constructivist environment in online classes. The three key
components of Moore’s theory are 1) some type of interaction between teacher and student, 2)
lessons that correspond to the learner’s needs, and 3) student autonomy (Moore, 2012).
Transactional distance is similar to scaffolded instruction in that the need for communication is
meant to lead the learner to greater autonomy. Virtual learning for K-12 students during the
COVID-19 shutdown forced educators to grapple with the reality of working with students who
needed more transactions on LMS platforms that were not yet adapted for young learners.
The digital learning platforms that arose during the COVID-19 pandemic were intended
to be short-term fixes to a “wicked problem,” that is, a problem that is ill-defined and about
which information is often confusing or unknown (Rittel & Webber, 2018). As the pandemic
continued, instructional planning became more organized in both content and method so that
online learning could become sustainable (van der Keylen et al., 2020). Content designers had to:
narrow instruction to their audience since K-12 online learning was a new field; establish how
students could access media (Chromebook, phone, iPad, Internet access); and implement the new
system in a short amount of time (Severino et al., 2021).
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The design stages I followed for my asynchronous lesson planning were based on
Keller’s motivational design for learning and performance (Keller, 2010). Keller's Attention,
Relevance, Confidence, and Satisfaction Method (ARCS) consists of 4 major components:
attention-the content must grab the learner's curiosity, relevant-content must matter to the
learner, confidence-learners must believe that they can succeed, and satisfaction-the learner must
receive some sort of reward or reinforcement at the end of the learning experience.
Figure 2.1
Keller’s ARCS

(Nicoguaro, 2018)
Asynchronous learning is unique in that it is entirely self-regulated by the learner.
Research on self-regulated learning (SRL) found that the major predictor of student achievement
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was the growth of engagement over time (Kim et al., 2021). That research aligned with the
ARCS method by recognizing that students were more likely to use self-pacing as a strategy to
complete tasks and build knowledge which was self-sustaining as success led to greater interest.
The interrelationship between learner autonomy, motivation, and academic success was also
described in a 2011 study on youth and language. Hashemian & Soureshjani found “A positive
and significant relationship between learners’ motivation and academic success” (p.3). In
addition, they found that the more motivated students were, the more autonomous they were,
which in turn led to greater academic success in distance education.
The opportunity to learn flexibly and have an unlimited amount of time to work and
repeat lessons in asynchronous learning was an advantage for some students, although many
students preferred synchronous learning for closer communication with instructors (Özturk,
2021). A U.S. Department of Education report on online learning confirmed that collaborative
online learning led to better student outcomes (Means, 2009). However, that research also found
that different content areas and different types (and ages) of learners affected course type
(synchronous, asynchronous, or blended) effectiveness. More pertinent to my study, that report
found that “Most of the variations in the way in which different studies implemented online
learning did not affect student learning outcomes significantly” (Means, 2009, p.15). However,
the sample size for instructional type comparisons was small, indicating further research is
needed to address how different online practices affect learning. In the 2009 report, contrary to
Griffiths & Graham’s research (2020) on the successfulness of asynchronous video, Means
found that neither online quizzes nor online video affected the amount students learned.
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Digital Capital

When my school district transitioned to virtual learning in March 2020 due to the
COVID-19 pandemic, many students and families did not have access to the technology
resources needed to remotely engage in their schooling. The district spent months working to
overcome obstacles so that every student would have a Chromebook and Internet access when
the school year began. The district continued to troubleshoot technology issues throughout the
school year due to the full remote learning environment. Unfortunately, there were some
obstacles that school personnel could not address, such as the need for students to take care of
siblings, share homes with extended family, and take on adult responsibilities, like caring for
sick families, all resulting in the inability to attend synchronous classes. Studies have shown that
digital capital, which includes both access to technology and the competency to use it, improves
academic performance, job opportunities, and access to better quality health care (Hatula et al.,
2021). Racism and poverty restrict people’s access to socioeconomic power and resources; thus,
the health and financial burdens of COVID-19 have disproportionately affected ethnic minority
groups (Razai et al., 2021). Dropout rates, poor academic achievement, underrepresentation in
advanced classes, and college admissions are a matter of race and class issues (Ladson-Billings,
2006). The pandemic revealed the extent of the digital divide within and across school districts
throughout the country. In a Pew Research Center survey, 59% of low-income parents said that
their children would face obstacles to digital learning, including having to do schoolwork on a
cell phone, not having a reliable Internet connection, and/or not having access to a computer at
home or having to share devices (Auxier, 2020). In that same survey, more than 50% of Hispanic
and low-income families were concerned about paying home broadband and cell phone bills
(Auxier, 2020). Ironically, even when schools were in session in-person, the digital divide
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existed in urban schools. In a case study of an Ohio urban middle school, despite an increase in
the number of computers in the school building, an increase in the number of computers with
Internet access, and a lower student-to-computer ratio, financial problems caused a “lack of
adequate tech support,” meaning hardware and software issues, as well as interrupted
connectivity, “denied students both access and use of technologies that could influence their
future educational and employment opportunities'' (Banister & Fischer, 2010, p. 4).
As technology infiltrates every aspect of American life, physical digital inequalities make
student education more complicated. In a study of US college students, 20% of people surveyed
had interrupted or under-connected access to technology due to financial burdens that interfered
with replacing slow or broken hardware and limited the amount of data purchased. In addition,
those surveyed also dealt with connectivity problems because of shared access or poor
connectivity based on location (Gonzalez et. al., 2020). Although few studies had been done on
K-12 digital learning prior to the COVID-19 technology crisis, one study on an urban middle
school recognized the necessity of access, defining it as “the right or ability to log on to a
computer system or use a computer program” (Banister & Fischer, 2010, p.3). The key takeaway
was that digital capital needs to be shared equitably in all schools. Gonzalez et.al. (2020) found a
link between students' academic performance and their ability to maintain access to technology
that disproportionately affects lower-income households and students of color. Overall, people
with greater access to technology not only benefited from enhanced communication, guidance,
and social networking, but they also played a part in embedding technology into meritocratic
systems like academic success and job applications.
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Tailored Learning

Promoting academic success for all students is the touchstone of public education in
America. I attempted to create age-appropriate, meaningful materials that were accessible to
learners through scaffolding. I attempted to discover who my students are, what they care about,
what they need. It was incumbent upon me to stay up to date on virtual learning technology and
be conscientious about providing opportunities for all students to succeed (Asim et al.,2020).
COVID-19 has exposed that social class and ethnicity affect who has access to healthcare and
education and the factors that make privilege an issue for students (Kumasi, 2017).
In science, knowledge is systematic. The goal is to promote self-regulated learning by
creating reasonable connections with materials (Cai et al., 2020). One notable point made by
Siegel in a 2020 Govtech article, is that the remote learning system is switching the paradigm
from, “Time is the constant and learning is the variable to one where learning is the constant and
time is the variable.” This is significant because it suggests that asynchronous learning may hold
the key for some students’ success because students can take as much time as they need to learn
content plus they have access to the content material twenty-four hours a day, seven days a week.
The national trend in America’s public education system emphasizes the importance of
math and reading, as reflected by state standards and formalized testing, specifically, the
Pennsylvania State Standards Assessment Tests English language arts and mathematics in grades
38 and 11, and science in grades 4, 8, and 11. There is no state social studies test.
My district emphasizes making learning meaningful. Paradoxically, our curriculum has
removed content, namely from science and social studies, which generates discussion of
historical, ethical, and philosophical issues. The goal of science teaching is to educate students so
they can participate in society on “socioscientific issues” (Pokerznik, 2011). Educators make
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value decisions every day in their classrooms about what is best for students. Those decisions
grounded in personal philosophies, such as teachers’ beliefs regarding information and
communication technologies and their suitability and appropriate application into teachers’
practice, should be derived from research. Research on the pedagogy of teacher education
recognized the need to make tacit concerns more explicit (Ertmer, Ottenbreit, Leftwich, Sadik,
Sendurur, & Sendurur, 2012). Any use of technology should be considered for its relevance and
focus on specific science topics. How teachers incorporated scaffolding techniques into online
science classes made a difference in how students interacted with content (Otrel-Cass & Khoo,
2012).
Scaffolded Instruction
Student learning is the result of teaching that is focused, requires student engagement,
and sets clear learning goals, rather than the result of the technology used (K. Meyer, 2014).
Scaffolded instruction is a pedagogy geared towards meeting students’ learning needs by
building support into lessons. As a teacher of ELLs, I am required to incorporate scaffolds into
my lesson plans. Unlike differentiated instruction, scaffolds are general tools that students can
use to build knowledge as needed. Scaffolds are temporary supports that help students achieve
goals they could not achieve without that support, and students are expected to perform tasks
independently as scaffolds are removed (Fenner et. al., 2017). During virtual instruction, I
incorporated scaffolds into lessons throughout the school year because I was unable to ascertain
specific student needs because of the lack of interaction. During in-person instruction, the
teacher’s goal was to remove scaffolds as students show growth in reading, writing, speaking,
and listening (Fenner et. al., 2017).
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The Teaching English as a Second or Foreign Language (TESOL) association
recommends four main scaffolding strategies: provide comprehensible input, pre-teach
vocabulary, use graphic organizers, and use sentence frames, which are starters to answering
questions (2021). Comprehensible input is the schema that students use to organize knowledge.
Schema, also known as realia, draws on funds of knowledge students have gained from their
cultural education and life experiences (Szech, 2021). In my research, I scaffolded instruction
using background knowledge in two ways: I chose videos that showed science tools being used
in Latin America (most of my ELL students are from Latin America) and I incorporated pictures
of common objects into the slideshow for measurement activities, e.g., bicycle, ice. Also, the
video included a diverse group of scientists. Research shows that role model diversity benefits all
students (Villegas and Irvine, 2014). The SI lessons did not have any pre-teaching included
however, measurement content knowledge was spiraled throughout the grades 4-7 science
curriculum, and SI units are used in the countries from many students’ home countries (Admin,
2021). SI unit graphic organizers were included both in the video as well as in a number of slides
(Duke, 2007). I did not use sentence starters because students were not required to write
academic responses.
Teachers generally guide students through the process of how to use scaffolding. During
synchronous learning in the virtual classroom, I walked students through not only the lesson
content but also the technology applications. In a study that looked at how adolescent ELLs used
digital technology for classroom learning, the observer found students split their time between
using personal and school devices for both entertainment and schoolwork (Andrei, 2019). This
was relevant because listening to music was an activity that helped students engage in work. The
Cognitive Theory of Multimedia learning draws on the premise that music taps into human
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emotional regulation thereby creating “interest” (Mayer & Moreno, 2003). Synchronous learning
at home often required students to use headphones to hear their teacher so music was only a
factor when incorporated into videos, games, or presentations. Asynchronous work had to hold
student interest through self-initiated technology use. The following Venn diagram is an example
of how the use of multimedia presentations can incorporate diverse types of high-interest
activities, such as music and games, along with the optional scaffolds of Google Translate (it can
auto-translate Google-Based platforms) as well as Internet searches.
Figure 2.2
Scaffolds

(Andrei, 2019)

Scaffolds for ELL learners are designed to develop their academic language skills as well
as increasing their cultural competencies. As students acquire skills, they are able to take more
ownership of their own learning. “Scaffolded instruction gives students repeated chances to
practice a skill with decreasing dependence on the instructor” (D’Acosta & Schlueter, 2013).
When presented asynchronously, students could take as much time as they needed to process
information as well as choose when to learn. This accessibility was a factor that may improve
learning opportunities for students who required more time with the material, who needed
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options to learn at times of day when synchronous instruction isn’t available, or who felt more
comfortable interacting with content independently. One of the most often repeated advantages
of asynchronous learning is the ability to access information repeatedly and at a student’s own
pace, so according to D’Acosta & Schlueter, asynchronous instruction serves as a scaffold.
Design Thinking Pedagogy
Design thinking is a problem-solving tool that has been adopted as a collaborative
activity to approach academic situations with an innovative mindset. The five design steps are:
discover, define, ideate, prototype, test, then repeat. My district implemented the NGSS
curriculum using an online textbook that should have been ideal for virtual learning,
unfortunately, students hadn’t been taught how to use it prior to the shutdown. Design thinking
solutions differ from a scientific approach in two main ways: design thinking is elementally
humanistic, and the outcomes are based not on solutions but on possibilities. “The primary focus
is on people and their needs, and business and technical factors are integrated in problem
identification… (participants) realize there are no right or wrong solutions to various problems
(Luka, 2014). The science department PLC worked on developing assignments that complied
with NGSS and used concepts from our textbook that were appropriate for our students'
technological competencies. My teacher's journal kept track of the types of lessons assigned,
students’ reactions to the lessons, and my feelings regarding the process.
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Figure 2.3
Design Thinking Process

(System Concepts, 2021)
The unusual circumstances of the 2020-2021 remote school year led to unprecedented
solidarity between teachers and administrators. The social-emotional component in distance
learning required a holistic constructivist approach to creating classroom relationships (Scheer et
al, 2012). In order to empathize with students and their families, the PLC only needed to look at
our own home and work situations to get a feel for how the community was faring. We defined
our first necessity as making connections to students and their families through Google
Classrooms, Dojos, public service announcements, and flyers; we first had to reach students
before we could teach them. Our asynchronous lesson prototypes in the Spring of 2020 were a
disaster. Students who were able to access lessons often didn’t understand what to do because
teachers weren’t technologically savvy enough to push out online curricula. In Fall, 2020, the
8th-grade science PLC came up with adaptable lessons, flexible expectations, and a coordinated
effort to reach out to families involved ideating and prototyping by experimenting to see what
ideas were actionable. Each time updated content was pushed out was a test to see what types of
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lessons successfully reached and engaged students. The process of enacting remote education
cycled through the design thinking process as new ideas were brainstormed, more people joined
the conversation, ideas were tested, and during it all, the people involved constantly monitored
the social and emotional needs of themselves and the community (Efthymiou & Zarifis, 2021).
Instructional Design
Instructional design was a key component to making content understandable to learners;
however, remote learning creates barriers to traditional instructional design. Remote learning still
began with the overall assessment of the school district’s required curriculum standards, but the
steps that follow are different. It is known that knowledge of students’ individual needs
facilitates the learning process (George, P. S., 2005). In the traditional classroom setting,
teachers have or will develop familiarity with students’ backgrounds and instructional needs;
however, the limited personal interaction in the remote setting makes this difficult. While remote
instruction still allowed teachers to have access to student’s educational and behavioral records,
as well as anecdotal information from previous teachers, this was not a substitute for meeting and
interacting in an in-person classroom. Asynchronous lessons provide scaffolding, but not
differentiation (Alber, 2014). Asynchronous remote instruction upends the in-person classroom
model by compelling both students and teachers to interact with the technology. It was therefore
important that the teacher developed instruction that allows for student participation. In reference
to the number of students entering United States schools, Tomlinson & Imbeau, 2012, caution
that, “Young people who speak a language other than English at home increased 179 percent
between 1979 and 2004 and the number who speak English with difficulty rose 144 percent.”
These numbers are representative of my district’s Spanish-speaking population who are entitled
to scaffolded instruction to maximize learning in all subjects. During the COVID-19 school
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closure, students were heterogeneously grouped relative to their WIDA or reading scores. All
students were assigned the same lessons with assistance from content teachers and/or resource
teachers during synchronous instruction. As students become “more diverse in their learning
needs” all students must be educated to the same high level (Tomlinson & Imbeau, 2012). That is
why heterogeneous classroom groupings more accurately reflect the world outside of school, so
student experiences are both normal and equitable.
My research conformed to the school's curriculum and lesson planning guidelines. The
asynchronous lesson was pushed out on Monday morning (when a scheduled event begins, class
members receive a push notification that the event has begun). The lesson closed the following
Sunday meaning it could be viewed but not edited by class members. Consideration of
instructional design must take into account students’ learning curve, not just of new knowledge,
but also of frequently changing technology. For the teacher, the course scope and sequence were
extremely important because lessons were compacted into two learning modules a week. This
compaction affected the frequency of asynchronous assignments, which were pushed out once a
week and were independent of the synchronous classroom. Teachers rely on their mastery of
lesson context to create interactive activities (Justina, 2020). In the context of remote instruction
for all learners in a large, understaffed, under-resourced district, the solution to student
achievement lies in the successful collaboration of the PLC to provide tools for the school and its
outreach (Literacy across curriculum, 2020). Ideally, interactional analysis of how students relate
to the materials, as well as how software is used, would also be assessed. Teachers should strive
to become knowledgeable about available software and applications. Tech developers continue
to create an easier interface that allows for a better user experience more conducive to eLearning
(Bouchrika, 2020).
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Instructional design is based on the four pillars of planning, delivery, content, and
assessment; this holds true for in-person and online instruction (LaForgia, 2020). LaForgia
recommended that asynchronous lessons should be narrow in focus and sequenced in mini-lesson
formats to hold learner interest and provide opportunities for expanding the breadth and depth of
knowledge. Online learning has been in use in higher education since the early 2000s. In his
discussion of meaningful interaction in online instruction, Gray (2019) said that the focus of
studies to date has been on the interaction between the student and instructor but what is more
important is the interaction between the student and the course content. Students today are
exposed to many forms of digital media that affect how they see and understand the world.
Teachers can use students' understanding of technology to encourage them to self-educate. In a
study using memes, scientists compared students' grades, completion rates, and emotional
responses to the assignment. They found that the more interaction a student had with the content,
the more willing students were to work harder on the assignment (Riser et al., 2020).
Interactive instructional design was defined by Ellen Wagner in 1994. She emphasized
that “Situational specificity is necessary to develop meaningful strategies by which a measure of
interaction can be obtained.” This definition was key to my research questions. In a remote
learning setting, do the methods and techniques used for instructional design remain the same as
they would during in-person learning? Research on remote instructional design looked at what
makes a lesson passive (instructional) versus interactive. Interactive learning was associated with
stronger learning outcomes than when knowledge is simply absorbed or passive (Freeman et al.,
2014). The concept of interactive learning was defined as students creating knowledge, not
consuming it. Also, of note in this study was the concern that the digital divide in COVID-19
America is now more about how technology is used than who has access to it (Herold, 2020).
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Part of understanding how to use technology is analyzing the taxonomy of a lesson. The task
analysis should “consider the nature of the learning task and the content level of material being
processed” (Jonassen, 1985). The way teachers created interactive lessons was still based on this
research from the 1980s when computer-aided instruction in schools began. Interactive lessons
exist when a learner responds in some way to the material or technology where the content is
present, as opposed to simply being transmissive. Today, a teacher has many options to decide
which technology is the best vehicle for delivering an interactive lesson and many options to
vary instruction based on student response.
I incorporated simulation activities into my 8th-grade physics lessons by guiding students
through the use of Open Educational Resources (OER). As the teacher, I controlled how the
material was presented, analyzed, collaborated upon, and further developed in my classroom.
Science teachers should be flexible at incorporating modern activities that lead to more
comprehensive knowledge acquisition (Stefanescu, 2012). My research explored how students
actively construct knowledge. A technique I incorporated into my methodology was the
repetition of content. Students were exposed to the same material in different ways using a
spiraled approach; each lesson was built on the previous lesson. I chose this method based on
Justina’s discussion of the frequency approach to input in which students extracted information
based on the usage of input, not just comprehension (2020).
When I questioned what input my students frequented voluntarily, they told me they
watched YouTube and TikTok. The feedback indicated that my students enjoyed short videos,
thus I chose a video for my lessons that incorporated all the concepts in my explicit NGSS
curriculum. Research on video integration in the middle school level classroom recommended
short video clips preferably no more than 57 minutes. That study used a mixed methods approach
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to determine optimal video length for different groups within the student population (Slemmons
et al., 2018). To incorporate an interactive feature into the video lesson, I used an app called
Edpuzzle to insert questions throughout the video. I chose this activity because of a study on
mathemagenic activities. Rothkopf’s theory is that students will acquire instructional objectives
if they have to participate in instruction. Mathemagenics requires students to respond to
questions, so they go through the processes of: “1) translation, 2) segmenting, and 3) processing”
which help them to embed learning (Rothkopf, 1970). For example, if I show a video in the inperson classroom, I might sprinkle questions throughout and make formative assessments about
student knowledge, but remote and asynchronous learning diminish the organic quality that
comes from Socratic exchanges. The interjection of questions through asynchronous videos may
not be the best way to engage students even though research has shown questioning to be an
effective strategy in person (OtrelCass, K., & Khoo, E., 2012). In a brain imaging study,
neuroscientists used brain scans to examine the mental activity of learners exposed to instruction
versus those exposed to adapted instruction. The laboratory study found that the brain was more
active during scaffolded activities, however, scientists concluded that brain mechanisms in a
naturalistic environment are understudied and therefore “poorly understood” (Pan et al., 2020).
Multimedia Instruction
Instructional materials presented online can integrate text, graphics, animation, and music
in varying forms of multimedia. The reasons for using multimedia are effective instructional
strategies: 1) it is self-paced learning, 2) video/audio bridge information processing, and 3) it
provides student autonomy (Yamauchi, 2008). The integration of pictures, music, and video into
content lessons stimulates many parts of the brain (Pan et al., 2020). The cognitive flexibility that
allows students to switch between tasks involving listening, reading, and typing may help to keep
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them more engaged with their lessons (Buttelmann & Karbach, 2017). Video lessons have
always been a useful resource in science classes because they can bring the outside world to the
classroom. Videos are my district’s method of delivering information to the community through
social media sites and school apps. Teachers, students, and parents generally comment on the
relevance of a video’s length, format, and speed of audio so I have determined these factors are
relevant to my instructional design (S. Holler, personal communication, August 30, 2021).
Teachers select instructional delivery formats by following some basic guidelines derived
from research. Video formats in which the key points or questions are read have been shown to
improve scientific understanding in students with high mathematical skills but low reading skills
(Akbash et.al., 2016). A number of points to consider when using video for educational purposes
are: choose relevant, topic-specific, high-quality video; keep videos brief to accommodate youth
attention spans; provide a purpose for watching; make students accountable for learning; and
allow students to rewind and watch again (Mulvahill, 2017). These guidelines are appropriate for
both in-person and virtual instruction.
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Digital Learning for ELs

Figure 2.4
WIDA levels

https://wida.wisc.edu/

My research focused on what type of instruction is best for all of my students. A key
factor in lesson development, delivery, and assessment was that a sizable percentage are ELL
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learners. I used student WIDA proficiency levels, described in Figure 2.4, as one factor to plan
instruction and analyze data. In addition, I was assisted by both an English as a Second Language
(ESL) resource teacher as well as a cognitive coach from SupportEd, an English Language
Learner (ELL) consulting firm.
In a 2019 United States Department of Education study, researchers found that most
educators use digital learning resources for their ELLs. The study was the first national data
collection of digital learning for ELs conducted to determine both current practices and also to
guide further research and policy development. One of the study’s findings was that teachers
were the driving factor in determining what digital technologies to use and how to use them.
Another pertinent finding was that few teachers assigned digital resources outside the classroom.
“Seventy-eight percent of teachers reported that students’ lack of Internet access at home to
digital learning resources (DLRs) was a barrier to their use of DLRs for instructing EL students”
(p. 72).
My school district supplied Chromebooks to every student and paraprofessional and
laptops for teachers and administrators during the COVID-19 shutdown. We utilized the Google
Workplace Learning platform. During the COVID-19 shutdown, my district addressed the
technology accessibility barrier for students by assisting families in procuring Internet and
supplying devices for every student. There are no comprehensive studies yet to indicate how
accessibility to academic content tools, productivity tools, and communication tools on the
Internet affected students’ learning. As a teacher of ELLs, I followed all guidelines and
recommendations proffered through WIDA. All lesson modifications and scaffolding were
reported to the district and state through the Ellevation student monitoring website portal. A case
study of eight teachers using similar technology with ELLs found that the use of technology by
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most teachers was intuitive but required mastery and flexibility by practitioners to motivate and
encourage students to higher-order thinking (Singh et al., 2020). Similarly, a meta-analysis on
ELL instruction using iPad technology found that the technology itself was not the key to
success in the learning environment; rather, success was dependent on teacher content
knowledge and methodology. The researchers noted that iPads provided greater student
autonomy and also allowed students more creativity and information accessibility than in the
traditional classroom (Ahmed & Nasser, 2015).
Disrupting Deficit Thinking
Deficit thinking is a way of using language that blames the victim. Labels are a way to
reduce the value of, or stereotype, minority groups in the school population due to factors like
race, socio-economic situation, or language use (Flores et al, 1991). As an educator who has
been indoctrinated in the use of deficit language throughout my career, it is incumbent upon me
to recognize the use of deficit language, make an effort to replace negative language with
positive language, and change the way I view students. In this paper, there are references to other
research that used deficit-based language such as “at risk”. The language of equity is vital to
improving educational outcomes for my students. Allowing students to make choices about their
learning is an opportunity for teachers to flip the deficit perspective by reversing the power
structure in the classroom (Merrill & Gonser, 2021).
Student Engagement
My research questioned whether student engagement in an online lesson affected student
comprehension. I expected that background knowledge of the content and/or interest in the
content would affect student engagement as well as comprehension. In the in-person classroom,
student engagement can be assessed through various forms of informal assessments, such as
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participation, active problem-solving, and asking questions. The standard for engagement in
virtual learning, when students were not seen nor heard, was based on their written responses and
their completion of the assignment.
How do we know when students are engaged? For the purpose of this research, engaged
in learning means a student had a self-reported interest in a lesson. The asynchronous classroom
puts the learner in charge of learning. An important question is, “What are the reasons students
don’t engage?”, because engagement is a predictor of educational outcomes. I have observed that
students may engage in schoolwork even if they are not interested in a lesson because of
extrinsic factors like parent expectations or the possibility of rewards. Educators and
psychologists try to promote student engagement to alleviate student boredom, low achievement,
and high dropout rates (Wang & Degol, 2014). Research indicated that student engagement was
multidimensional in that it was affected by multiple cognitive, emotional, and behavioral
components (Wang & Degol, 2014). The uncertainty associated with school closures and
economic hardships as results of the COVID-19 shutdown had real effects on students; the
concern is that K-12 students who struggle in school with teacher support are even more likely to
struggle online where they may have “more distractions and less oversight” (Loeb, S., 2020, p.
1).
The instability caused by the pandemic was a predictor of learning loss (Torres-Pagán &
Terepka, 2020). During the virtual school year in my district, some students participated in
synchronous classes, but some only worked asynchronously, and I, as an educator, was unable to
get meaningful information about why students didn’t take advantage of the full educational
experience. If teachers, parents, and peers aligned educational values, the social context of
learning may help students stay connected (Wang & Degol, 2014).
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The consensus in my school district is that hands-on interactive learning is more effective
in engaging students than lectures. In studies that evaluate the effectiveness of lecture versus
interactive learning, however, the more time spent on lecture-style teaching compared to the time
spent on problem-solving had a statistically significant effect in math and a positive impact in
8th-grade science classes (Schwerdt & Wuppermann, 2011). The study found that simply
changing from one style of teaching (lecture) to another style (interactive) did not raise
achievement levels if teaching style was the only variable; the pedagogical approach mattered. A
2011 study by Jensen found no appreciable difference between video lectures in class versus
online. Many variables came into play when assessing teaching effectiveness. An overview of
studies on student engagement looked at factors such as teaching style, physical space, teacher
demographics, student demographics, teachers’ years of experience, subject taught, lesson
planning, grading, teaching credentials, and more. In general, although teaching styles affect
students’ performance, student accountability affects it more (Schwerdt & Wuppermann, 2011).
It is significant to note that researchers referred to the quality of interaction as the principal factor
in that students needed guidance and parameters for instruction to be effective. In a research
article that challenged the constructivist approach to self-regulated learning, the authors provided
an explanation for the type of teaching that appeals to students, “Direct instructional guidance is
defined as providing information that fully explains the concepts and procedures that students are
required to learn as well as learning strategy support that is compatible with human cognitive
architecture” (Kirschner et al., 2006, p. 75). Targeted learning activities reinforced the specific
and relevant focus of classroom instruction. In fact, the specificity effect has been shown to
improve student performance because “specific relevance instructions'' (Roelle et al., 2015)
helped students engage with greater focus. A way for teachers to do this is to give attention to a
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particular topic and decrease explanations. Students demonstrated better focus when they were
able to distinguish which information was most meaningful. This strategy also reduced cognitive
load so students could devote more working memory resources to the learning process (Roelle et
al., 2015). Reducing cognitive load was an important strategy in scaffolding instruction for ELL
students. ELL students stay engaged by being exposed to rich informational texts that are topic
specific with a stated purpose for relevance to learning (Fisher & Frey, 2014).
Does student behavior online change the way they engage with content? In the book,
Student Engagement Online, the author characterized two types of engagement: student
pedagogy and student personal preferences (K. Meyer, 2014). Pedagogy refers to the technique
used to provide content. The pandemic caused teachers to rethink the way they presented
information and allowed a wide variety of choices such as access to leveled reading, simulations,
games, and videos. Most techniques were effective if they were based on students’ understanding
of technology use as well as students’ ability to learn content at their own pace (K. Meyer, 2014).
Interestingly, students' engagement in learning was more often connected to students’ prior
experiences in school than to new or exciting types of content presentation (Dongsong, 2005).
None of the research cited showed a connection between engagement in technology and gender
or ethnicity (K. Meyer, 2014), (Schwerdt & Wuppermann, 2011), (Wang & Degol, 2014).
Spaced Repetition
Improving memory retention is one of the major goals of learning. When content
knowledge becomes background knowledge, learners are able to process new information more
quickly. Dr. Sean Kang, a cognitive psychologist whose work focuses on improving instructional
practice, advocates the use of spaced repetition. Spaced repetition is the process of providing
repeated encounters with content material over time, rather than being massed together (Kang,
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S., 2016). His research compares spaced practice versus massed practice and draws on hundreds
of cognitive psychology studies. “Acquiring foundational knowledge and being able to quickly
access relevant information from memory are often prerequisites for higher order and reasoning”
(Kang, S., 2016,. p 13). The spacing effect is a free and simple strategy that is easily
incorporated into teaching. Another benefit is that there is no optimal time interval between
repetitions, so teachers have more flexibility in planning (Schuetze, B. A., Eglington, L. G. &
Kang, S. H. 2019).
Cognitive flexibility is how students apply knowledge when situations change
(Buttelmann & Karbach, 2017). Learning about SI measurements in isolation is not a useful
practice unless that learning can be tied to practical applications. Video lessons for my students
were variations on the key concepts of SI produced by different education companies and were
delivered asynchronously every week for three weeks. Spacing out study sessions, mixing up
tasks, and testing yourself are the best ways to “Study Smart” according to Winerman (2011).
These difficult practices whereby students’ self-assess and self-direct are also principles of
constructivist learning (Hoose, 2020). Science curricula lends itself to constructivist learning
because of the hands-on, interactive nature of the content. How a curriculum is implemented
depends on a number of factors that may be influenced by community values.
Types of Curricula
The American writer Thomas Dreier, (1936) compared the world to a mirror; you see in
the world what you see in yourself. This represents the way academic learning is perceived by
school stakeholders. For the majority of Americans, the educational curriculum reflected white,
middle-class values (Apple, 1992). The problem is that the reality of those who run the school is
not necessarily congruent with the reality of schoolchildren and their families. The lens through
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which we learn is shaped by many factors: our experiences, our comfort level, our confidence,
our strengths and weaknesses, and our relationships within the classroom. The results of this
disconnect are often reflected in the types of curricula existing within a school: explicit, hidden,
or null.
The explicit curriculum has been considered the knowledge of most worth (Anyon,
1979). They are the central ideas that are endorsed by the district administration to be taught in
the classroom. I enacted the NGSS curriculum as a science teacher in my district. My reflections
journal revealed that the way different teachers created lessons based on the same content
differed. Wojcik (2010) described the phenomenon of how teachers enacted a curriculum that
aligned with their values. The enacted or hidden curriculum is dynamic and varies from teacher
to teacher, and even changes across classrooms taught by the same instructor, as the specific
interactions vary with different students. The relationship between the enacted curriculum and
the hidden curriculum is a result of the active and creative role of teachers in delivering lessons
that reflect their own perspectives and values.
How the curriculum is enacted affects how students experience it. Wojcik (2019)) tells us
that the philosopher and educator, John Dewy, shifted the focus of the curriculum “away from
what is enacted in the classroom to how students experience it”, believing that social curriculum
is most important (p. 609). The social curriculum stems not only from the teacher’s attitude and
subconscious messages but also from the attitudes and beliefs the students bring to the
classroom. In addition, students learn from the way schools are run, that is, how is time
managed, do students have a voice, are students treated with courtesy and respect?
The null curriculum is what is not taught in schools. Although there are many reasons
information is omitted, such as the districts’ prevailing social and cultural values or a
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communities’ religious or socioeconomic values, other factors may be financially based. My
district's lack of resources, including technology and understaffing directly affected learning
(2018 Future Ready PA Index). For example, in my district’s science classes, students engaged
in fewer lab activities, with fewer available materials in larger class sizes than students in
surrounding districts. Our students aren’t taught as much because there are fewer resources to
teach with. Another significant factor is that many of our students were transient, moving from
school to school. Those students who transfer often have gaps in their learning and those students
who immigrate from other countries have hugely different educational and experiential
backgrounds.
Teachers routinely choose what to emphasize or deemphasize and include topics that
present points of view excluded by the official curriculum. Wojcik tells us “The official
curriculum overlooks what follows: the vibrant interaction between teachers, students, and
content material during lessons” (2010, p. 606). We need to keep in mind, as Apple noted, that
the messages we share are not neutral knowledge. Apple reminds us that students are not
automatons, that students come to school with their complex and layered identities, and that they
select and choose the knowledge and concepts that are meaningful to them (1992). And finally,
Anyon, in 1979, reflected on the nature of the public-school curriculum that supported patterns
of power and domination, positing that it can instead be used to promote autonomy and facilitate
social change.
Summary
Classroom equity requires a multifaceted approach to bringing quality educational
services to my underserved science students. Multimedia platforms are the standard for virtual
learning environments, and these are changing at a rapid pace, making it difficult for decision
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makers to decide what programs and apps work best for their student population. There is a
plethora of research on online learning in higher education, but a scarcity in K-12, a gap that, due
to the COVID-19 shutdown, now has the attention of practitioners and researchers around the
world. The enormity of changes to education during the COVID-19 shutdown has spurred
interest in research-based data to address education needs. The magnitude of technology options,
however, requires a limited scope of applied research due to the specificity of hardware, learning
platforms, accessibility, and technology training.
In full inclusion classrooms, instructional design is focused on making lessons and
assignments accessible to all students. This requires scaffolding to reduce cultural bias and
language barriers, as well as tools for students with limited reading and math proficiency.
Frequent student feedback helps teachers adapt lessons and repetition reinforces content
knowledge. Asynchronous online instruction has the advantage of allowing students to work at
their own pace and in the time and place of their choosing. Online lessons also provide
accessibility for students chosen scaffolding, such as translation tools, repeated access to lessons,
read aloud tools, and the opportunity to search the Internet for more information. The need to
address how my district addresses instruction afforded me many opportunities to work on
curriculum delivery with other teachers. My approach to the collection and analysis of qualitative
data is based on the reflective philosophies of constructivist researchers. In the following
section, I present the methodology I followed to understand more about how students learn.
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Chapter 3 Methodology
Research Design
In this exploratory research, I used a mixed convergent parallel design (Creswell, 2013)
to collect both qualitative and quantitative data to answer the following question: how do
instructional and interactive 8th-grade science lessons impact student comprehension and interest
in an asynchronous learning environment? I posed one quantitative question: “Did learning in an
asynchronous science class vary as a function of how the lessons were taught, (uninterrupted
instructional video versus interrupted/interactive Edpuzzle video), as measured by multiple
choice quiz scores?” The qualitative questions were: “Was there a difference in an asynchronous
science class in student interest, as measured by qualitative questions?”, “Was there a difference
in an asynchronous science class in student motivation, as measured by qualitative questions?”
and, “What impact did asynchronous instruction have on my teacher pedagogy over time?”
Figure 3.1
Mixed Methods

Creswell, 2013
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Setting

The research took place in my 8th-grade physics Google Classroom in an underresourced public-school setting. My research examined the effectiveness of instructional
techniques implemented during the COVID-19 shutdown when curricular material had to be
presented remotely. With the advent of the 2020-2021 school year, all students were issued a
district owned Chromebook for use in school and at home; so asynchronous assignments could
be completed whenever and wherever students had Internet access. Asynchronous assignments
were self-paced, and lessons were designed so that students should not require assistance.
Figures such as Lexile and demographics have been included to provide background on how data
used to configure the study are informed by expectations of the district.
Participants
The participants in this study were all 8th-grade students aged thirteen and fourteen, in
my middle school science classes. For the purposes of this study, in the 2020-2021 school year, I
divided 109 students from four science classes into two groups: A (54 students) and B (55
students) according to reading Lexile (Appendix G) because reading level was an indicator of
student achievement in science and math (Akbash, S., Sahin, M., & Yaykiran, Z., 2016). In the
2021-2022 school year, there were 86 students in total divided into four classes that I called
Group C (19 students), Group D (22 students), Group E (22 students), and Group F (23 students).
All students’ course of study was physics and chemistry classified (in my district) as mainstream
regular education, meaning that all students were provided the same 8th-grade curriculum with
scaffolding with no differentiation. My four full inclusion classrooms’ student demographics
were mixed: race, gender, culture, reading level, math level, ELL classification, and/or special
education classification used by my school district. Special education and ELL classifications
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are determined by testing designed to assign students to these groups. See Appendix F for
Demographic Data of Students who Took the Assessment
I was also a participant in this study. I took the role of the reflective practitioner as I
followed the design thinking process to explore the implementation of the NGSS curriculum in
my asynchronous classroom.
Participant Selection
In 2021, using the platform set by my school district for creating student groups, I used
two school district data software platforms, Ellevation and Reading Inventory, to sort students by
reading proficiency levels since all lessons required students to read and write in English.
Sorting students by reading levels was based on Lexile scores provided by the reading specialist
and WIDA scores obtained through the Ellevation website. Ellevation is a program management
platform that comprehensively organizes student data for instructional support of bilingual
students (Ellevation, 2021). The Ellevation program ranks ELL students according to WIDA
scores in reading, speaking, and listening, placing them in one of five levels, from most to least
proficient: exiting, expanding, developing, emerging, entering. These classifications are used by
district personnel for scheduling and differentiation of services. Students also take a Reading
Inventory, a reading comprehension assessment that provides reading level data according to a
Lexile score for every student regardless of classification (HMH, 2021). I used data from these
platforms to sort students by reading level into two similar heterogeneous groups (Appendix G).
In 2022, my student groups were based on their district classroom placement. The district
scheduling policy had changed from the previous year. In years prior to the COVID-19
shutdown, student class placement was based on standardized test scores. In 2022, my students
were heterogeneously grouped, meaning they were considered diverse based on demographics,
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such as ELL and Special education placement, reading level, and math scores. The heterogeneity
of my classes made them functional sample groups for testing.
Procedure
Over the course of two school years, I assigned lessons to different student groups to
determine how student comprehension of, and interest in, science information taught via
asynchronous assignments varied as a function of how the lessons are taught (instructional
lessons versus interactive lessons). An instructional lesson was designed for students to receive
content knowledge but did not require them to respond during the lesson. An interactive lesson
was designed for students to receive content knowledge, but learners were expected to engage
with the content in some way (such as clicking on a link, answering questions, or responding to a
prompt). The interactive video format, created in the Edpuzzle app, was designed to bring
constructivist learning into the digital classroom by requiring student input and giving immediate
feedback (Uden et al., 2018). The same videos were used for both the instructional and
interactive lessons, however the interactive video was formatted with breaks to allow students to
answer questions.
In the virtual classroom during the 2020-2021 school year, two groups of students were
given different assignments in the Google Classroom. Each group was sorted randomly, with the
constraint that each had the same number of students at each reading level. Therefore, the goal of
sorting students by reading level was to create two balanced sample groups. The reading levels
of my students were organized around Reading Lexile levels which were calculated using meta
metrics (Archer, 2010) and WIDA levels were determined based on testing by EL resource
teachers (King & Bigelow, 2018). I ordered students according to Lexile level from advanced to
below basic, then alternated placement so that every other student was in the same group.
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Students in group A were given three teacher assigned lessons followed by questions.
Lesson one was instructional, lesson two was interactive, and lesson three provided a choice of a
slideshow with optional (interactive) hyperlinks as well as the option of playing three games. In
this crossover study, Group B was given the same three teacher assigned lessons followed by the
same questions given to Group A (Appendix A). Group B lesson one was interactive, lesson two
was instructional and lesson three provided a choice of a slideshow with optional (interactive)
hyperlinks as well as the option of playing Mr. Nussbaum’s Horrendous Soup and/or The Ruler
Game. Both groups received the same lessons and were followed by the same set of seven
questions following Lesson One and Lesson Two (Appendix A). Lesson three was followed by a
longer summative assessment (Appendix E). This crossover design allowed each group to do
both types of lessons but vary the order they received them.
In 2022, Group C was assigned instructional format lessons (analogous to Group A)
while Group D was assigned interactive format lessons (analogous to Group B). The difference
between groups was that C had a video and D had the same video in Edpuzzle format. The first
week's lesson was a 1.50-minute video entitled International System of Units (Britannica, T.
2020). The video featured scientists of varying ethnicities using science tools to measure, graphic
organizers that describe SI units, and explained why SI units are used around the world. This
video was followed by a Google Form requiring students to answer four questions about SI units
and two questions about their interest and engagement in the content, (Appendix A). The second
week’s lesson was a 4.13minute video entitled BrainPOP Jr. Metric System (2020). My district
had a paid subscription to BrainPOP, a curriculum-based platform that provides learning games
and activities, including short, animated videos. This video animation featured a child and a
robot demonstrating how to use metric tools to measure the length of familiar objects like pencils
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and bookshelves. This video was followed by a Google Form requiring students to answer seven
questions about SI units and two questions about their interest and engagement in the content
(Appendix B). The third week’s lesson was a 5:03 minute MooMoo Math and Science video
entitled Learn the Metric System in 5 Minutes (2020). This video used a combination of
scientists, locations, descriptions, tools, animations, and graphics to provide an overview of the
metric system and how to use it. This video was followed by a Google Form requiring students
to answer seven questions about SI units and two questions about their interest and engagement
in the content (Appendix C). The fourth week’s assignment for students was a graded lesson
assessment on SI units (the metric system). The assessment consisted of 16 multiple choice
content questions and 3 questions on their interest and engagement in the content.
Group E was assigned interactive format lessons (Appendix D). There were two Legends
of Learning (online math and science games for teachers) games assigned under the topic
Reference Frames and Scale Units: Matching Game (players match SI units vocabulary with
examples), and Catapult (Players must launch a cow as far as possible by using a catapult, or in
this case a Catapult, and correctly answer questions about the SI system of measurement,
position, motion, and acceleration. Each toss introduces a new topic. When you answer questions
correctly, your cow will get a boost) and another under the topic Units and Motion: Mr. Rose
Reference Frames and Scale Units (students play each minigame to learn new information about
motion, frame of reference, units, coordinates, and more). The fourth week’s assignment for
students was a graded lesson assessment on SI units (the metric system).
Group F had a choice to do any or all of the assignments provided for groups C, D, and E.
Group D’s choice assignment was followed by the same assessments provided to Groups C, D,
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Quantitative Data Collection:

I compared student outcomes in different types of asynchronous science lessons in my
8th-grade classes. The first sets of lessons were videos; however, one group watched a video in
its entirety and the other watched the same video in an interrupted or interactive format. The
interactive video format was created using the Edpuzzle app. This app allows the teacher to take
any video and add stops to insert questions, so students pause and reflect on content.
In 2020-2021, teacher-created lessons were posted in my 8th-grade science Google
Classroom to gather information about student interest and comprehension. Quantitative data
was collected from students through assessments in which research subjects responded to content
knowledge multiple choice questions. Research in 2020 took place over a three-week period.
Students were divided into two equivalent heterogeneous groups, group A and Group B.
This process was repeated in the 2021-2022 school year with modifications. Research in
2022 took place in four heterogeneous science classes over a four-week period. The multiple
choice and survey questions for lesson 1 and 4 were the same as those in 2021. Groups C, D, E,
and F, were assigned additional lessons and assessments in week 2 and week 3 (Figure 3.2)
Qualitative Data Collection
Qualitative data was collected from students through assessments in which research
subjects responded to questions on a Google Form about interest, background knowledge,
engagement, and motivation which provided personal reflections on their learning. My teacher's
journal provided another qualitative component of this study. My reflections documented my
changing role as a teacher and instructional designer of asynchronous lessons. My journal
timeline was linked to archived Google Classroom lessons, reflections from participating in my
professional learning community, and my entries recorded both curriculum information and my
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personal frame of reference: how I felt, why I made certain decisions, and what kinds of
interactions I had with teachers and students regarding remote learning.
Table 3.1
The Coding Process in Inductive Analysis

Adapted from Creswell, 2002, Figure 9.4, p. 266
The outcomes from both quantitative and qualitative portions of the test were compared
and analyzed with the expectation that the qualitative student response would validate the
associated quantitative scores. Post data collection, I examined whether demographics affected
outcomes or revealed trends. Demographic data was collected anonymously through a database
using student identification numbers. I used the school district platform, Eschoolplus, a
demographics database, for my secondary source of data collection. As reported by parents,
87 % of students lived in a home in which the primary language spoken is Spanish, 12% in
primarily English-Speaking households, and 2% of families spoke a language other than Spanish
or English (Igbo). Adding this perspective to my teacher's journal provides a basis for future
research considerations (Table 4.1.)
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My research addressed three points of interest comparing two treatments: instructional
versus interactive lessons. In terms of statistical testing, the null hypothesis would be that there is
no difference between the two approaches. Based on my experiences with students, I predicted
that different treatments would affect results.
I created a rubric to quantify students’ qualitative responses based on inter-rater
reliability.
Figure 3.3
Template for Second Round Coding Rubric Developed through inter-rater Concordance

Interest

Background
Knowledge

Engagement

Motivation

Categories added here based on student responses
Instructional
Interactive
Choice

Triangulation of Data
For the purpose of this study, I used several forms of data from both a quantitative and a
qualitative approach. Quantitative data consisted of: assessment responses from the
asynchronous curricular modules. I also noted the number of students who completed the
assignment (completion rate). For qualitative responses, I looked at the open-ended questions
related to interest, background, engagement, and motivation coupled with my own reflections
over time in how the curriculum was developed and unfolded. To further add to my

Asynchronous Instruction

89

understanding of the data, members of my PLC took the role of a response community by
reviewing the data I presented. In this way, I was triangulating the data as described by Dana and
Yendol Hoppey parallel inquiry in professional collaborative research (2020). The PLC members
were holistically engaged in the systems design process to deliver curriculum, and also
individually collecting classroom data that we discussed during weekly meetings. Herr and
Anderson describe his mixed methods triangulation approach for practitioner-researchers “to
seek independent critical friends who can help them problematize the taken for granted aspects
of their setting” (2015, p. 39)
Anonymity
The research was conducted via normal classroom instruction in a standard educational
setting. The study investigated instructional methods in a nontraditional learning format known
as asynchronous instruction. The SI content complied with the required curriculum. Students
were graded based on content objectives as measured in the quantitative portion of the
assessment. Student data was confidential because access to student information in the digital
learning platform was restricted to school district teachers, counselors, and administrators who
worked with each class. My only contact with students regarding the assignment was questions
to clarify written responses when the spelling or grammar was inventive.
Limitations
My study was conducted on my own students due to confidentiality guidelines, therefore,
the sample size was small. Normally, I average 120 students, but in the 2021-2022 school year
my district offered virtual school as an alternative for all students; a number of students opted for
virtual school, so my class sizes were significantly smaller than in previous school years, totaling
86 students.
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This research was exploratory. Many studies on asynchronous learning have been
conducted in higher education, but few studies have been conducted in K-12 settings. Research
studies in the United States have investigated students’ use of software or commercial learning
platforms, but not teacher-created lessons. Students’ familiarity with digital platforms varied
widely as did access to devices and Wi-Fi.
Scaffolding was implemented to bridge the gap between common language and academic
language. To take full advantage of the scaffolding offered, students could independently employ
the available translation tools, closed captioning, and read aloud options. One aspect of
scaffolding lessons is explicit instruction. Although explicit instruction was provided
asynchronously, ELLs had to know how to use translation tools to understand it. Despite the
limitations, the data showed that all demographic groups engaged in learning and both ELLs and
special education students worked with their resource teachers to complete assignments.
In the following section, I provide an overview of my research questions, a review of the
data collected, and an analysis of the data collected.
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Chapter 4: Data Analysis
Overview
This research study employed a convergent parallel design (Creswell, 2013). I collected
quantitative data in the form of multiple-choice objective response assessments in which
respondents could select from the choices offered as a list from which there was only one correct
answer. In addition to the multiple-choice questions, students completed open ended qualitative
questions.
Quantitative Student Responses
2020-2021
In the 2021 school year, students were divided into two groups for comparison. The
groups were sorted randomly with the constraint that each had the same number of students at
each reading level. An independent sample t-test was used to determine if lesson type
(continuous versus interrupted instructional video) had an effect on test performance.
8th-grade students taking an assessment after an instructional test in week 1 did not score
higher (M = 3.1, SD = 1.4) than those taking an interactive test in week 1 (M = 3.4, SD = 0.6,
t(60) = 2.0, p = 1.15. Lesson 2 instructional scores did not differ significantly (M = 3.0, SD =
0.9) from lesson 2 interactive scores (M = 3.2, SD = 1.1), t(50) = 0.80 p = 0.43. Lesson 3
choice scores did not differ significantly (M = 9.0, SD = 8.4) from lesson 2 choice scores (M =
9.3, SD = 5.1), t(53) = 0.68, p = 0.50.
2021-2022
In the 2022 school year, students in four heterogeneously grouped classes were assigned
four sets of multiple-choice questions.
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8th-grade students who took assessments after instructional lessons in week 1 did not
score higher than those taking assessments after interactive lessons in week 1. Lesson 1
instructional scores did not differ significantly (M = 3.4, SD = 0.7) from lesson 1 interactive
scores (M = 3.4, SD = 1.1), t(30) = 0.02, p = 0.98. Lesson 2 instructional scores did not differ
significantly (M = 5.9, SD = 4.4) from lesson 2 interactive scores (M = 6.8, SD = 0.5, t(25) =
1.8, p = 08. Lesson 3 instructional scores did not differ significantly (M = 4.7, SD = 2.9) from
lesson 3 interactive scores (M = 5.4, SD = 1.4, t(33) = 1.4 p = 0.18. Lesson 4 instructional
scores did not differ significantly (M = 9.4, SD = 4.0) from lesson 4 interactive scores (M = 11.3,
SD = 5.9, t(19) = 1.8, p = 0.07.
8th-grade students in Group C taking an assessment after an instructional lesson in week
1 did not score higher than those in Group E taking an assessment after playing online science
games in week 1. Lesson 1 instructional scores did not differ significantly (M = 3.4, SD = 0.7)
from lesson 1 game scores (M = 3.6, SD = 0.5), t(19) = 0.7, p = 0.48. Lesson 2 instructional
scores did not differ significantly (M = 5.9, SD = 4.4) from lesson 2 game scores (M = 6.7, SD =
0.8, t(17) = 1.2, p = 0.2. Lesson 3 instructional scores did not differ significantly (M = 5.4, SD
= 0.3) from lesson 3 game scores (M = 4.7, SD = 2.9), t(23) = 1.1, p = 0.27. Lesson 4
instructional scores did not differ significantly (M = 10.3, SD = 5.1) from lesson 4 game scores
(M = 9.4, SD = 4.0, t(17) = 0.9, p = 0.40.
8th-grade students in Group D taking an assessment after an interactive lesson in week 1
did not score higher than those in Group E taking an assessment after playing online science
games in week 1. Lesson 1 interactive scores did not differ significantly (M = 3.4, SD = 1.1)
from lesson 1 game scores (M = 3.6, SD = 0.5), t(31) = 0.7, p = 0.52. Lesson 2 interactive
scores did not differ significantly (M = 6.8, SD = 0.5) from lesson 2 game scores (M = 6.7,
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SD = 0.8, t(28) = 0.4, p = 0.70. Lesson 3 interactive scores did not differ significantly (M =
5.4, SD = 1.4) from lesson 3 game scores (M = 5.4, SD = 0.3), t(22) = 0.16, p = 0.87. Lesson
4 interactive scores did not differ significantly (M = 11.3, SD = 5.9) from lesson 4 game scores
(M = 10.3, SD = 5.1, t(20) = 1.02, p = 0.31.
8th-grade students who took assessments after instructional lessons in week 1 in 2020 did
not score higher than those taking assessments after instructional lessons in week 1 in 2021.
Lesson 1 instructional scores did not differ significantly (M = 3.1, SD = 1.3) from lesson 1
instructional scores (M = 3.4, SD = 0.7), t(39) = 0.08, p = 0.41.
Lesson 1 interactive scores in 2020 did not differ significantly (M = 3.4, SD = 0.6) from
lesson 1 interactive scores in 2021 (M = 3.3 SD = 1.2, t(41) = 0.4, p = 07.
I was unable to determine what lesson choices students made in Group F so I could not
use their score data to make statistical comparisons with the other groups.
Qualitative Student Responses
I had two research questions regarding qualitative data collection: “Did interest vary as a
function of how the lessons were taught, as measured by qualitative questions?” and “Did
motivation vary as a function of how the lessons were taught, as measured by qualitative
questions?”
To understand student interest, I first sorted survey questions by student: interest,
background knowledge, engagement, and motivation. The survey questions were used during the
course of the school year as part of the 8th-grade science curriculum and were not specifically
designed for my research purposes. I built my research around the work done during the school
year and extracted what I felt was the most meaningful data.
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I examined student responses to the questions asked after each lesson and sorted them
into categories (Appendix H). In conversation with my peers in my doctoral cohort, we agreed
that to understand student interest we needed to know if they had watched the videos. I went
back to the lessons to see if students logged in and if they completed the lessons. From there, I
began coding the data. I then asked if they logged in, if they watched videos, and what
knowledge indicated they had engaged in the lesson.
After reviewing categories, my doctoral cohort group examined student responses sorted
according to the themes emerging from students’ answers. We participated in a peer data
analysis inter-rater review session. Each researcher was given a copy of the codebook to examine
prior to data analysis. We used concept coding to give nuance to my students’ survey answers
(Saldaña, 2021). The team of three doctoral students quantified my students’ open-ended
responses according to their level of interest, background knowledge, engagement, and
motivation. We had a very high level of inter-rater reliability because they were all able to
process and apply my coding schemas to the students’ short answers in an expeditious manner.
Open-ended questions were designed to determine if there was a difference in student
interest and if there was a difference in student engagement based on lesson types. Although all
108 students were assigned the International Systems (SI) units lessons, only about half
completed them. In the randomly sorted groups by Lexile, more students in group A who
completed lessons were proficient or advanced readers. In contrast, group B students had
primarily below basic reading proficiency. The Lexile levels did not correspond to grades in
science class. Students who completed the assignments with answers that reflected science
knowledge were more likely to have earned an A or B in science class in this study.
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The data matrix and concept map I developed were chosen to illustrate students’ level of
interest, background knowledge, engagement, and motivation. Overall, student answers
accurately reflected those components, indicating that the questions were appropriate for the
task. Based on some responses, I reworded the question, “Does your experience with something
in the video help you answer the questions? If so, how?” The intent of the question was to ask
students about connections they had with the topic. Many student answers to this question were
neutral or general, such as “yes, meters” or “I use tools to measure things”. I think the sentence
structure, with a prepositional phrase in the middle, may have been confusing. Student answers
to this question, “Have you used SI units in your everyday life? If so, how?” were much more
specific and detailed. Although I was pleased with the specific answers students provided, I was
disappointed there were not more of them. In my classroom experience, it is common for
students to provide general or neutral answers because they are safer; they fit into my
preliminary coding categories of “they’re not wrong” and “words I heard in the lesson”.
Table 4.1
Second Round Coding Student Responses 2021

This data is typical of the types of lessons and assessments that my district developed for
asynchronous learning. In order to condense the analysis for readers, I took all the answers from
every student for all three tests and quantified the number of responses in each category. Chart
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4.6 shows a holistic version of the data that included: four weeks of lessons, nine questions, and
169 individual student responses. Examples of each category are as follows:
Interest: “What part of the lesson was most interesting? Why?”
1. A detailed answer was “I liked the part where they measure the book.”
2. A general answer was “when it talks about abbreviation.”
3. An incorrect answer was “I learn about the Earth.”
4. A lack of interest in the answer was “No I don't like this.”
5. The copied answer (provided through a resource teacher) was “Yes, it made me want to
learn more about SI units because learning is always good”.
Background Knowledge: answers to the question “Have you used SI units in your everyday
life? If so, how?”
1. An affirmative answer was “There was a period of time last month for like a week we
had been renovating my room and we took out the floor and we had to use SI units to
figure out how much flooring we would need.”
2. A negative answer was “No.”
3. A neutral answer was “probably to like measure.”
4. The copied answer was “Yes SI units help me to know the measurement of something.”
Engagement: answers to the question “Why do you think it is important to understand SI units
(the metric system)?”
1. A detailed answer was “The majority of countries in the world employ the metric system
of measurement. The prefixes attached to metric units are different types of
measurements.”
2. A general answer was “if you want to be a scientist.”
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3. A neutral answer was “I don’t know.”
4. The copied answer was “Units of measure allow you to calculate or measure things like
length.”
Motivation: answers to the question “Did the lesson make you want to learn more about SI
units and why?”
1. A self-motivated answer was “I’m interested because it was first developed during the
French Revolution in 1799 and has allowed for the sharing of scientific and technical
information on an international level.”
2. A lack of motivation answer was “No interesting.”
3. An expressed stress answer was “no because it's getting tiring.”
4. A neutral answer was “Yes because I like the video parts.”
When I reviewed these assignments for completion during the school year, I didn’t spend
much time reading through every qualitative response each student wrote. Upon review, the data
revealed a significant concern about the amount of assistance provided by a resource teacher. My
assignments were created by collaborating with a certified team of professionals who developed
lessons that were accessible to emerging bilingual learners. In order for me to gather accurate
data on student learning, the students need to do the work independently. This will give me
insight into students’ receptiveness to various pedagogies used in virtual learning.
The level of disinterest in the video lessons was not immediately apparent in their openended answers but was obvious during my review that no student recognized that two
consecutive lessons (week one and week two) covered the same topic and were followed by the
same multiple-choice questions. My most notable find is that students had more engaging
experiences in asynchronous learning when choosing how they learned. Overall, the types of
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answers that students wrote when they chose their lesson were written in greater detail and
length than previous answers from other lessons.
In the first phase of testing, questions were created to evoke specific responses. The first
question to check interest level was, “What do you most remember about this lesson?” The
second question to check background knowledge was, “Does your experience with something in
the video help you answer the questions? If so, how?” The third question to check student
engagement was, “What part of the video was the most interesting and why?”
In the second phase of testing, I was evaluating if and how students chose to use
interactive features in the lesson. The first question checked background knowledge, “Have you
used SI units in everyday life? If so, how?” The second, third, and fourth questions asked
students if they used the interactive features in the lesson. Most students answered that they used
the hyperlink buttons to determine correct answers and also that they used them until they found
the correct answer. Approximately half of the students chose to practice the lesson skills by using
interactive games. The fifth question checked for student motivation, “Why did or didn’t you
play the games?” The sixth question checked for engagement, “In this lesson, what did you like?
What didn’t you like?”
When I assessed student answers in relation to my research question: In what ways does
student comprehension of and interest in science information taught via asynchronous
assignments vary as a function of how the lessons were taught (instructional lessons versus
interactive lessons), I found patterns emerge. One pattern was that students who showed interest
in science and/or who liked the teacher were more likely to complete all three assignments.
Another pattern was that the more students had control over the assignment, the more likely they
were to engage in it. Although the third lesson was the most difficult and significantly longer
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than the first two, more students completed it with a higher percentage of correct answers. In
addition, all students improved their scores from test one to test two, but no students
acknowledged that it was exactly the same test. Contrary to expectations, there was no
significant difference between comprehension or interest in the two video lessons (instructional
versus interactive). Also, there was not a strong relationship between student interest and
comprehension.
I infer that the strategies for cognitive offloading recommended by Mayer and Moreno,
2003, were effective because only one student stated that the work was too difficult. Reducing
that amount of reading, associating words with visuals, and providing opportunities for student
interaction were strategies integrated into the lessons. Student responses indicated that they used
picture recognition and were interested in graphical information. Many liked the challenge of
being able to figure out the correct answer. Ten students who did not engage in the third lesson
indicated that they were stressed, a problem that is not addressed in the Cognitive Theory of
Multimedia Learning.
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Figure 4.1
Comparison of Interest between Groups and Overall Motivation

In looking over Week1 qualitative assessment student answers, there were equal numbers
of students who were specifically interested in the topic of SI units as well as generally interested
in the topic. Only a few said that they were disinterested. This implies that the video they were
watching and the games they were playing were both engaging. The categories were: Group C
Video, Group B Edpuzzle, Group E Games, and Group F Choice.
Students in Group C said that the videos made them more motivated to learn. The
students in Group D who took the Edpuzzle, however, said that although the topic was
interesting, they were not sure they wanted to learn more. Group D provided more detailed
answers than any other group, for example, “An ampere, I didn't know what it was then it said it
measured electric current”. Group E, which only played the games, either really liked the games
or really didn’t because they thought they were too complicated. Group F had a choice between
videos, Edpuzzles, and games. All of them chose the games for Test A but most stated they did
not want to learn more. A lot of responses in all groups were about animals, they liked the
“cowapoult” and the birds getting their beaks measured. 100% of students answered correctly by
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using an example from the lesson (such as the length of bird beaks). Every student correctly
answered the question, “Why is it important to have an International System of Measurement?”
Three different answers were given: because bird beaks need to be measured in a certain way,
scientists all over the world use the same system, and because there are international television
shows. All groups’ answers similarly showed that they were engaged. There was only one “IDK”
out of 59 responses. This is not believed to be a language barrier issue because those students
who said they didn't want to learn used slang, such as “nah”. A Spanish disinterested answer
might be “no se” or a translated “I don’t know”. The students who answered in Spanish had
specific answers about the lessons, such as “cuando muestra (sic media) la parte del animalito
por que es importante saber de ellos'' which means “When you measure the part of the animal
because it is important to know about them”. talk Native Spanish speakers often translate text
from English to Spanish which may slow their response time, so they are more detailed with
their answers. This practice indicated a high level of engagement.
The analysis of Week 2 qualitative student answers shows that students clearly liked the
BrainPOP video and Edpuzzle better than they liked the Encyclopedia Britannica video. Also,
there seems to be a pattern emerging that students who answered in Spanish seemed to think that
SI is more interesting than many of the students who answered in English. Perhaps that is
because students who have immigrated used the metric system in their native countries.
Just as in Test A, Test B answers reflected that students really enjoyed learning about SI
when there were animals involved. Student answers mentioned: the world's smallest horse is 45
cm tall, the smallest snake is 10 cm long, a rabbit raced a train, the cow did splits, plus other
specific examples from the material. The most negative comments came from the students whose
choice was games only. One student said the formatting was annoying and it made that person
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not want to learn the lesson. Another student said the lesson made them want to learn more but
the game didn't. Even though the group had a lot of positive motivation responses, almost all said
the game was difficult or aggravating. In Group E, 12 students took the assessment, and,
although 9 complained about the lesson, 11 students had perfect scores. These results make me
question whether challenging students causes more engagement, thus leading to better
comprehension. The tradeoff is if the challenge becomes frustrating, students may stop engaging
at all without support from a teacher or classmates.
In Week 3, students in Group C once again made positive comments about the animals in
the lessons. The students who watched the video enjoyed it and said it was interesting. Group D,
which watched the Edpuzzle, also enjoyed the video saying that the animation made it fun. This
video was MooMoo Math and Science Teachers the Metric System in 5 Minutes. The students
who answered the questions in Spanish had more detailed answers than many of the English
speakers. Is it possible that this format gave them more time to translate and process information,
therefore allowing them to be more successful when there is less pressure from peers and fewer
time constraints? After three weeks, Group E was still working through the three games they
were assigned. Those students who were still completing the assignments (12 students completed
work in week 2, 9 more completed work in week 3, out of 22 students total) were beginning to
be more comfortable with the format, saying that it was an easy and fun way to learn. Group F,
which had a choice between video, Edpuzzle, and/or games, said that nothing was interesting,
and they didn't want to learn any more about it (except for one student who said “It make me
want kinda more cause IDK nothing”).
In Week 4, all students took a summative assessment. They were able to access their
prior lessons if they wished to review or practice. Many students were able to relate SI lessons to
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real life applications such as: cooking for their family when they measure in milliliters,
measuring liquid medicine, or when their family renovated a room and they needed to calculate
the amount of flooring they needed in square meters. Although some students were unable to
answer how they have used SI units in their everyday lives, those same students were able to
answer why they thought it was important to understand SI units. The final question was, “Do
you think that these online lessons prepared you to use metric units and lab activities in science
class?” The sentence structure may have been too complex for some students. Only 4 of the 44
students who took the assessment were able to give me a response that made sense. Three of
those answering explained that SI units allow for easy conversion between units as everything is
base 10. The summative assessment was significantly longer than the previous three
assessments, and the three qualitative questions were more complex. The student answers were
generally vague and limited to “yes” and “no” or very general responses such as “almost
everything involves measurement”. Graded assessments in class are usually summative. I feel
that my students were interested and that engagement in the lessons should be a predictor of
success in the summative assessment, however, few scores reflected overall content competency.
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Teacher’s Journal Analysis

Figure 4.2
Template for Coding My Teacher Journal

Timeline

Record-keeping
and Observations

Personal
Reflections and
Notes from PLC

Inferences

Themes

20172018

Introduction to
Google Classroom

My district said:
here it is but you
don’t have to use
it.

Inaccessible
without devices.
Apps are not free.

Frustration
Disappointment
Alienation
Under Resourced

20182019

I posted only free
content from the
Internet.

Posting and
grading online
was extremely
time consuming

Is this the best use
of my time?

Frustration

20192020

Students
repeatedly ask for
help on selfcorrecting lessons.

Is this learned
helplessness or do
students crave
teacher
interaction?

Interactive online
lessons are not
meeting student
needs.

Dependence on a
teacher,
Frustration

2020-2021

Some students did
not have devices,
Internet, space, or
time to access
learning.

The district has a
responsibility to
ensure every
student has access
to education.

Under Resourced
schools fail to
meet students’
needs, teachers
and students feel
helpless.

Access
Equity
Isolation
Under Resourced

2021-2022

Quality of online
content
dramatically
improved but is
expensive.

Teacher input into
online resources
not valued. More
technology use is
expected in inperson classes.

Teachers and
students need
training,
cooperation, and
support.

Isolation
Exhaustion
Under Resourced

Year/Date

In addition to researching how students responded to asynchronous lessons, I also
researched how working in a remote setting affected my teaching practice and attitude toward the
school curriculum. I asked the question, “How did asynchronous instruction impact my teacher's
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pedagogy over time, if at all?” My primary data source was my own personal journal, but I was
also able to refer to notes kept by the district science PLC. In addition, I maintain professional
relationships with other 8th-grade science teachers who continue to use the design thinking
approach to developing asynchronous lessons.
During the COVID-19 virtual learning year, the science curriculum PLC kept a running
agenda that included teachers’ opinions about what was working and how they were feeling. I
did the same for my classroom experiences in my journal. In addition, I examined my
experiences with online learning since I first learned about Google Classroom, making a timeline
of events and then coding that timeline with my thoughts about the process. Later, I added the
inferences I felt my journal had for my classroom teaching practices. For my research, I revisited
the journal and looked for themes. Since 2017, when I had my first professional development
using Google Classroom until the current 2022 school year, I noted consistent feelings of
disappointment and alienation. Alternately, I recorded significant improvements in online
learning accessibility for both me and my students.
Coding my journal entries created cognitive dissonance by challenging my core beliefs
about teaching and learning. As Saldaña states “Values coding requires a paradigm, a
perspective, and positionality” (p. 173, 2021). My personal paradigm towards teaching is that all
students can learn and learning about science is exciting. Nothing about learning was fun during
the COVID shutdown and the lack of interaction between students and teachers was emotionally
draining. My teaching perspective revolves around problem solving and building knowledge
along with social awareness and self-awareness. In virtual school, the interactive problemsolving component was lost. I felt like my work in creating lessons was a constant problemsolving exercise that wasn’t personally fulfilling because it relied on written student answers and

Asynchronous Instruction

106

not natural dialogue. My positionality is that I am constantly being challenged to step outside my
middle-class white lifestyle to make connections with my students, their families, and the
community. I didn’t meet my students during the virtual year. I sometimes video streamed with
parents, but never engaged in a personal conversation with a student. That interaction is the
reason I teach. I found I don’t love science as much as I love “doing science” and I love the
challenge of getting other people to have fun learning too.
When Google Classroom was first introduced in my district in 2017, the training was
optional. The district attitude was ‘here it is but you don’t have to use it’. I made a few attempts
to post to my classroom but encountered a few issues. First, student access to computers was
limited to the days that my classroom had the use of a shared Chromebook cart. Second, many of
the activities I would have preferred to use were not free. Third, the use of Google Classroom
resources was supplemental to regular in class instruction and wasn’t available to students who
were absent on days the Chromebooks were available. In those early days, using Chromebooks
was disappointing. For teachers, posting lessons was time consuming; however, opportunities for
students to log in and get full benefit of the posted lessons was limited.
In 2018, the district began making attempts to provide more online learning opportunities
to students. Teachers were taught how to create Flipped Classrooms, in which students viewed
the instructional portion of the lesson at home on a computer, then did collaborative or hands-on
work while in school. This method didn't work for us since the majority of students did not have
devices to use at home. In addition, the school policy was to limit or exclude homework since
many students did not have adequate workspaces or home support. We had a professional
development that encouraged teachers to change their mindsets regarding using homework as a
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teaching tool. These two conflicting edicts from the district led to frustration and disappointment
as I tried to find tools to work with in my under-resourced classroom.
As 2019 unfolded, I posted in the Google Classroom only one time: game sets for
independent use by students to practice skills such as measuring, metric conversions, and use of
tools. I had moved from 7th to 8th-grade so there was more emphasis on student independence
and no further movement on online learning from the district. Ironically, this is the year I should
have been better prepared. When schools closed in March 2020, my students' use of Google
Classroom had been intermittent. In April and May 2020, the only way students had access to
learning was through Google Classroom. I tried to assign lessons through the interactive
textbook, but it was too confusing for them since it wasn’t compatible with Google Classroom.
My colleagues were struggling with their classrooms too. We met via Google Meet and decided
to make videos of easy science activities students could try at home with their families. We
posted the videos and encouraged students to post their own and to comment. It was very
uncomfortable for me because I did not want to be in a video, much less post it publicly.
Students who were able to watch it, however, were positive in their responses and were happy
just to have that connection. One student posted her own video which was received positively by
classmates. In spring 2020, less than one fourth of my students (38 students out of 109) accessed
the Google Classroom and fewer than onesixth (22 of 109) did any lessons. By the end of the
school year, only one of my students had completed all the assignments. The experience was
again frustrating since I spent a large amount of time creating assignments that few students were
able or willing to access and complete. It was a challenging time emotionally too, because of the
uncertainty around the COVID-19 pandemic and my obligations to post videos so my students
could be reassured that school provided some normalcy.
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During the virtual schooling year 2020-2021, my district established a PLC of curriculum
director, curriculum developer, and content leads to coordinate curriculum delivery in each grade
and content area. I was my school content lead for 7th and 8th-grade science, so I met with the
PLC each week. Part of the job was to decide what strategies were effective for our students in
online learning. Initially, we all recorded feelings of disappointment and isolation. It took a full
month before most of our students were capable of attending virtual classes. The unfairness of
schooling opportunities for our under-resourced district was apparent as I struggled to contact
students and parents and assist them in how to use Google Meet and Google Classroom. Some
of my students had no experience at all with using Chromebooks or Google Classroom, either
because their former teachers never used it or because they were newcomers to the country.
In addition, my PLC response community, modeled using the design thinking approach to
look for innovative ways to keep asynchronous lessons interesting and engaging, I incorporated
student quantitative and qualitative data with teacher qualitative data to look at interrelationships.
Components of this study changed over time and took on different significance in terms of the
larger organization (my classroom data as one element of 8th-grade PLC data). The following
chart diagrams the holistic nature of my study illustrating relationships between the quantitative
and qualitative components.
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Figure 4.3
Asynchronous Exploratory Research Design Based Aligned to Design Thinking Approach

The PLC meetings had a number of components. The empathy component was when we
teachers shared our experiences with students and families and also related stories that students
shared with us. The process of creating lessons was heuristic for us and we relied on our shared
reflections to drive curricular choices. This process was similar to the coding I used in my
teacher journal because each person has different experiences and interpretations that we
documented and analyzed in our own ways (Saldaña, 2021). The PLC discussions were rooted in
the NGSS curriculum, the explicit curriculum, for 8th-grade science. The district curriculum
planner created synchronous lessons for all 8th-grade science teachers, so the PLC members
collaborated on asynchronous lessons using the Nature of Science topics that were normally
taught in the context of hands-on labs.
Collecting student responses and then writing about my experiences became an
opportunity to examine the null curriculum, topics that students are not being taught. In this
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research, the null curriculum was background knowledge that contributed to students’
understanding of the lessons. The PLC used these observations to build on cultural competencies
within the lessons. Student test results and survey responses were used to tweak future lessons.
Common problems we encountered, besides students failing to do any work, were primarily how
language was used in the lessons, using subject matter that was unfamiliar to students, and lesson
length. The hidden curriculum was the language and experiences that teachers used in lessons
assuming that students would understand.
Ideation came from the informal coding of teacher narratives and concept coding student
survey responses (Saldaña, 2021). We generated new and varied ideas to make asynchronous
lesson formats more appealing and accessible to students. The lesson prototypes were used to
assess student motivation and to provide feedback on lesson formats. The cyclical nature of
curriculum planning allows the PLC to continually rework lessons to meet students’ needs.
Gradually, virtual learning became more accessible to our students and teacher
cooperation and training improved our content delivery. I started feeling hopeful that students
were engaged in learning and was inspired to experiment with different types of asynchronous
lessons to get a feel for what students were willing to do. My science PLC worked together to
create asynchronous assignments that were curriculum based but not included in the curriculum
developer’s synchronous lesson plans. We each tried variations of questions to ask students what
they liked about lessons and tried to gather information that would help us improve.
The key to student success was consistency and simplicity. Students were more likely to
try assignments if they recognized the format and if they felt they could complete the assignment
independently. Students who became confused gave up easily and the disappointment led to
further isolation. When a student expressed their feelings, I encouraged them to look for help at
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home, through email, and through chats. Since the students in the class hadn’t met prior to the
school year, they were reluctant to work together which was frustrating for me because student
collaboration is a huge help in overcoming barriers to understanding. I was also feeling angry
about the lack of IT support for students and families. The only way I could work with students
was if they had online access. Additionally, non-English speaking students needed access to the
translation tools Google provided.
By the end of the 2020 school year, students were feeling more independent and they
were more confident asking for help. The Google Classroom platform was improving based on
the volume of teachers’ needs and requests now that it had become the default classroom for
schools across the country. I felt better about my teaching because I was getting comfortable
using the technology, collaborating with my peers, and getting to know some of my students. In
our synchronous classrooms, students were not required to show their faces (as per district
policy) so having class was isolating for me. I felt like a radio announcer most of the time.
There was still hope that schools would reopen. Many of the other local schools around
us had returned to either hybrid learning or full in class learning. My district struggled with
overcrowded classrooms, understaffed schools, and an under-resourced population that was more
susceptible to the health effects of COVID-19. Being at home was isolating, trying to stay
positive for my students was a struggle, and the tedium of working by myself was disheartening.
In addition, the district policy on attendance was that if a student did work, whether they
attended synchronous classes or whether the assignment was correct or completed, they were
marked present for that day (regardless of the day it was done). Teachers were not permitted to
enforce due dates or to fail students. In reality, this didn’t affect the students who were present
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and engaged, but it was discouraging to recognize the devaluing of education for these already
underserved students.
In the 2021-2022 school year, my district returned to in-person classes. I continued to
incorporate Chromebook lessons from the previous school year in addition to hands-on learning
in the classroom. I recognized how unprepared we, as a district, were for the school shut down
and was determined to be prepared for future eventualities. We had a number of asynchronous
school days (usually due to staff shortages) that allowed me to continue my research on
asynchronous lesson types. I had a significant advantage for insights into my research since I
knew my students and understood the manner in which they spoke and responded and they, in
turn, understood my teaching style. I was also able to teach students how to use technology prior
to giving them assignments so they were more independent and less likely to give up on a lesson.
Finally, since my asynchronous assignments spanned four weeks, I was able to remind them to
check their Google Classroom and encourage them to complete their work.
The Legends of Learning science and math games website turned out to be an invaluable
resource for me since I don’t have access to many lab materials that would help students better
understand concepts. Through a series of training and answering surveys, I was able to get a free
professional subscription for my school for half of the year. Despite repeated requests from
teachers to the curriculum administrator, I doubt the subscription will be renewed. Despite
evidence based data, showing greater engagement using these science games and lesser interest
in Edpuzzle, the district will renew one and not the other, choosing to renew Edpuzzle. My
reflections frequently reminded me that districts should be challenged to move beyond the
worldview of the teachers and administrators (Saldaña, 2021) to find real connections with
students and families. I will continue to work with my PLC to find ways to collect data that will
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improve our ability to educate our students. The ability to collaborate across schools will provide
greater validity and more opportunities to advocate for pedagogy that helps students.
Conclusion
In this chapter, I used the convergent parallel used mixed methods process (Creswell,
2013) to examine online learning from both positivist and interpretivist points of view. In
positivism, knowledge is derived from evidence; I gathered data using multiple choice questions.
I also employed interpretivism, where knowledge is derived from experience, using data
gathered from student responses as well as my own journaling. Dewey, 1944, describes
educational research as requiring epistemological origins that can be verified (positivist) and how
meaning can be derived from experiences in and out of the classroom (interpretivism). In
Chapter 5, I will discuss my research findings and how these findings affect my teaching practice
as well as my advocacy for students.
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Chapter 5: Discussion of Results
My research sprang from the challenges I faced as an 8th-grade science teacher in an
under-resourced public school district during the COVID shutdown from March 2020 June 2021.
No one in my district was prepared for a technological problem of this great magnitude. Because
I keep detailed notes on my classroom experiences and my pedagogical practices while teaching,
I was able to use my personal reflection journal as well as student data derived from my Google
Classroom posted assignments during the shutdown to conduct my research. The district’s use of
Google Suite streamlined school recordkeeping. It also expanded the data storage capacity
allowing me to draw on various sources of data for analysis once I determined my research
questions. Using data collected by the 8th-grade science PLC to examine student interest,
background knowledge, engagement, and motivation and using asynchronous lessons created by
the 8th-grade science content team, I felt the data collected through triangulation would reveal
how instructional and interactive science lessons impacted student comprehension and interest in
an asynchronous.
Assessing the Results
Design thinking is a human centered, problem-solving approach that is not only data
driven but also takes into account students’ and teachers’ social emotional health (Luka, 2014).
The COVID-19 pandemic forced schools to reimagine education, making technology a priority.
Using data collected through typical classroom practices revealed the importance of taking a
holistic approach to learning (Auxier, 2020). I was both surprised and distressed after analyzing
my students’ assessment scores and short answers. In retrospect, however, my teacher journal
reflected the same mix of emotions and themes that I found when coding student data:
frustration, isolation, and a need for peer support.
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Results

Results for both immediate and continued reflection emerged from each of my research
questions. I begin with analyzing question one: Did learning in an asynchronous science class
vary as a function of how the lessons were taught (uninterrupted instructional video versus
interrupted/interactive Edpuzzle video), as measured by multiple choice quiz scores?

Result 1: Comprehension was not impacted by the type of asynchronous learning (using
quantitative measures).
For the purpose of this study, comprehension refers to students’ ability to correctly
answer content questions after completing lessons. Comparison between groups of the same
treatment as well as those with different treatments had no statistically significant differences. I
expected that the type of lesson would affect student scores but did not see that in the data sets.
This should be a wakeup call to my district in terms of how Title 1 money is spent. The Edpuzzle
app is widely used throughout my school district, but its effectiveness as a teaching tool has not
previously been measured. As a teacher, I spend the majority of my time outside of the
classroom planning lessons. I carefully selected the tools to use and planned how to teach my
lessons based on what my peers and I have been taught are “best practices”. To find that the
recommended lesson formats had no significant effect on students’ learning is discouraging.
Determining which type of lessons are more effective for my students is worthy of further
research so that not only do students receive better instruction but also the district spends its
money wisely and teachers manage their preparation time effectively.
The next question was: Did interest in an asynchronous science class vary as a function
of how the lessons were taught, as measured by qualitative questions?
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Result 2: Student interest was higher in asynchronous learning environments when they
were able to make a choice.
The word interest is used to describe students’ engagement in lessons (based on survey
responses). Although multiple choice test scores did not improve when students were able to
choose their lesson, qualitative question responses indicated significantly greater interest in the
topic. Not only were students more likely to complete the entire lesson, but they also provided
much more detailed answers than students who were not given a choice. This outcome aligns
with Marxano’s taxonomy of educational objectives (1998). An important factor for the teacher
to consider in maintaining student interest is “creating choices that are robust enough for students
to feel that their decision has an impact on their learning” (Marzano, Sep 16, 2021). In my work
with the district science Professional Learning Community (PLC), we used national standards for
science education to choose content with rigor and applicability to students’ lives.
My third question was: Did motivation in an asynchronous science class vary as a
function of how the lessons were taught, as measured by qualitative questions?
Result 3: Student motivation is impacted by multiple factors, but lesson type is not one of
them.
My research looked at how students respond to different types of lessons, but I found that
the most important variable in this study was not the lesson itself, but the student's selfmotivation. For the purpose of this study, motivation refers to the process of behaviors used to
complete a goal. The type of lesson I assigned did not have a major impact on either student
comprehension or student interest. Students who made an effort to do well in school benefited
from any type of assigned lesson. Even if they didn't like the subject of the lesson or the lesson
format, students who attended the lesson, at the very least, were exposed to curricular material.
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Student motivation increased when they had control over their learning: students were far more
likely to do an assignment if they were given a choice. In fact, even if a student disliked the
assignment they chose, they were more likely to engage with the content material as evidenced
by the complexity of both positive and negative responses to “choice” assignments.
Student answers to questions about their motivation were mixed and to some extent,
inconclusive. I determined more about motivation from the number of students who took the
assessments than I did from student answers about motivation. I was surprised to note that there
did not appear to be a relationship between student grades and motivation; I had expected that
students who had an A in science would be more likely to complete asynchronous assignments.
Another surprising finding was that few students did all of the assignments even though the
lessons were short and spread out over time. I think further research is warranted to find out
more about what motivated students to behave in this way.
The students from 2020 were more likely to complete asynchronous assignments if they
had a resource teacher who worked with them. That teacher would specifically reach out to them
and spend time in a synchronous classroom helping them finish. As a teacher, I appreciate that
every student deserves to learn, and some students are entitled to resource help. As a researcher,
however, that resource confounded my results because student completion was no longer
asynchronous.
I expected that students in the 2021 school year would be more motivated to complete
asynchronous assignments than those in the previous year because I had a personal relationship
with them in the classroom and I encouraged them to do the work. This, however, was not the
case. From their answers about motivation, I found that students were motivated to learn for two
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major reasons; they either valued learning for self-betterment and/or their parents valued
schooling and checked to make sure their online work was done.
The greatest challenge facing this virtual learning educator was how to draw in “ghost
students.” Ghost students were students who were enrolled in a class but did not show up for
classes or do assignments. During the virtual learning years, those students who did any
assignments passed for the year and were marked present on the days their assignments were
posted. The district did not allow students to fail a grade or impose penalties/fines for tardies or
truancies. When questioned, a district administrator said that this policy was an attempt to
destigmatize problems associated with poverty. The policy also protected the school from being
flagged by the state as requiring corrective action.
In my experience, students who are not encouraged to complete their schoolwork tend not
to engage in the work. Self-motivated students will learn regardless of the lesson type. Students
whose parents encourage them to learn typically will engage in any type of lesson. Reluctant
learners may engage in schoolwork, especially if provided a choice. Students who don’t care or
aren’t motivated to learn but know they will pass to the next grade anyway may skip school work
entirely. My students’ assessment completion rates were much lower than I would have expected
if they were in an in-person classroom (Tables 5.1 and 5.2). Cai, et al, (2020) found that students
expected different learning styles in different disciplines. In that study, researchers investigated
students’ backgrounds and the family’s education levels prior to introducing self-regulated
learning protocols. I am curious how such a methodology would be received in the United States.
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Table 5.1
Number of Students Completing Assessments Organized by Group and Test
# students
who did not
Assessment 1 Assessment 2 Assessment 3 Assessment 4
complete any
assessment
Group A
Group B
Group C
Group D
Group E
Group F

31
31
17
21
12
9

N/A
N/A
18
19
12
8

N/A
N/A
18
18
9
9

25
30
9
14
10
11

12
10
3
1
9
3

Table 5.2
Assessment Completion Rate
Group A Instructional first

82%

Group B Interactive first

78%

Group C Instructional

86%

Assessment 1

54%

Group D Interactive

96%

Assessment 2

52%

Group E Games

59%

Assessment 3

50%

Group F Choice

84%

Assessment 4

40%

2022

Overall, the low assessment completion rate in all lesson types may have skewed my
quantitative data. In 2021, only 81% of students completed any work, while only 28% of
students completed all four assignments. Just 8% of students took an assessment more than once,
although not all improved their scores. The completion rate for each assessment was lower than
hoped for, however, the completion rate for Group E, Games, was exceptionally low compared
to the other groups. Group E student comments indicated that the games were challenging and/or
confusing. This take-it-or-leave-it attitude may indicate that the games were both highly
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interactive and also required a high depth of knowledge. Science and math teachers in my district
requested the purchase of the Legends of Learning app because of the specificity of topics,
student interactivity, and ability to vary the type and length of instruction: however, the district
discontinued its subscription in the 2022-2023 school year.
My final question was: How did asynchronous instruction impact my teacher pedagogy
over time, if at all?
Result 4: Teacher pedagogy is stronger through peer-to-peer feedback and participation in
communities of practice, especially in times of transition.
Teaching and learning are not meant to be done in isolation. Transformational teaching
and learning go hand in hand so that all stakeholders undergo the process of critiquing
information, reflecting on prior assumptions, and interacting in ways that create meaningful
connections. Transformational thinking must be approached as a process and not an outcome
(Lynch, 2021). The teacher journal I coded began in 2017, when the Google Classroom platform
was first introduced in my district. Over the course of five years, I repeatedly discovered themes
of isolation and frustration. I addressed my negativity with my peers in our PLC in the hopes of
transforming my approach to using technology in the classroom. I wanted to use my experiences
as a foundation to understand my students’ thoughts and feelings from their points of view. We
used the design thinking process as a method to write a curriculum and create lessons because
the process begins with empathy and cycles through an ongoing process (used by my science
PLC) of defining, ideating, testing, prototyping, and implementing (Öztürk, 2021). Although I
have worked with PLCs before, the intensity and necessity of our PLC during the Pandemic were
notable. We didn’t just share ideas, we shared experiences, student data, and pedagogical
reflections. We kept a “living agenda” that could be continuously accessed and edited, allowing
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us to make purposeful comments even when we were not meeting as a group. Conversations
within my community of practice helped me to determine how to guide my research and how,
going forward, my research can be integrated into our district’s curriculum action plan.
Interpretations of Findings
The quantitative and qualitative data collected in this study yielded comparable results.
Lesson type did not affect student outcomes, however, lesson choice did. The results were
reliable in that results were consistently replicated over time. Since my study was inconclusive,
more studies must be done to determine validity. Factors such as reading level, Internet access,
and home or health situations as well as varying reasons for student motivations affected data.
The puzzle of practice I addressed was how to implement effective asynchronous
learning: core instruction, measurable outcomes, actionable solutions, and production of
improvement strategies (Reynolds, 2015). As a classroom teacher, I worked with my colleagues
to develop lessons that met the needs of my students, and I documented the process. My focus on
asynchronous learning led me to question the effectiveness of current instructional practices as
well as experience feelings of disassociation and dissatisfaction. In a discussion with Dr. Scott
Tracy, a clinical psychologist, and educator, stated, “If we’re going to engage in remote
instruction, we need to find better ways to employ constructivist philosophy” (in-person meeting
3/9/22). The constructivist philosophy of education states that students must be involved in the
process of learning; they take ownership of their learning and use what they learn to innovate,
create, reflect, and communicate to further their learning.
COVID-19 virtual schooling removed social interaction from my students’ education.
Having in-person interactions and dialogue was not possible in my school setting. Some students
on my roster did not participate in school at all in the spring of 2020 and in the 2020-2021 school
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year. My research did not investigate the cause of school avoidance, but the phenomenon was a
significant component of my district’s virtual school issues. Students who “come from a
disadvantaged background, have low socioeconomic status, and are a member of an ethnic
minority are more likely to be truant from school and more likely to drop out of high school”
(Leibowitz, 2022). How do we contextualize the school experience when school is an individual
endeavor, done at home? Virtual learning is challenging for everyone, more so for those who
have limited access to technology, little experience in online learning, and reduced options for
help due to a myriad of factors. The problems associated with the lack of participation in my
study are the needs that are integral to student success.
Limitations
The sample sizes in my study were small and limited to the students I taught in a year. It
is not unusual for small sample sizes to not show statistical significance, however, this study can
easily be replicated with a larger sample size (the entire 8th-grade population in my district) that,
even without 100% participation, would be close to 1000 students. Also, my sample metrics
were not consistent throughout the study due to the nature of class size, heterogeneity, and
change in the school setting (virtual versus in-person).
The results of this study were impacted by circumstances beyond my control, such as
health, access, and resources for social and emotional welfare. Schools are not just about
academic learning; we teach the whole child, but that wasn’t possible in distance learning. The
absence of interaction in my study put into context problems in an under-resourced school which
I will discuss further as continued areas of needed research.
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Implications for Research

Data for this study was gathered over the course of five years from normal classroom
practices. The strengths of my study were threefold: 1) triangulation through self-reflection,
critical peers, student quantitative data, and student qualitative data, 2) the study occurred in realtime in a natural setting under extraordinary circumstances, and, 3) data sets were gathered over
time. The weaknesses of the study were: 1) the limited sample set, 2) the limited participation of
students, and 3) the difficulty of aligning research questions with valid data points.
Continuing the Work of the Current Study
Teachers are encouraged to continually reflect upon their teaching and to collaborate with
their peers. Having a community of practice promotes the self-worth of teachers engaged in
transformational teaching. When teachers feel empowered, they are more likely to empower their
students by creating constructivist, student centered classrooms. One goal of my research is to
encourage other teachers to engage in action research in their classrooms. “Action research data
can provide evidence to meet increasing accountability standards while providing educator
renewal for the teaching and learning process” (Powell, 2022, p.1). Teachers have firsthand
knowledge of how district initiatives affect classroom instruction. It would be powerful if they
could elevate their anecdotal records into formalized action research.
My recommendation for future research is to broaden the sample population for this
study. All middle school science teachers in the district already share assignments. The results
from posted assignments could be gathered and analyzed to provide a larger sample size for
statistical analysis. This could potentially offer invaluable data and implications for science
educators, administrators, and policymakers. I also believe interviews with the student
participants would add validity to their comments on interest and engagement, possibly
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contributing ideas for further studies. Creswell (2018) stated that a “hallmark of a good
qualitative case study is that it presents an in depth understanding of the case in order to
accomplish this, the researcher collects and integrates many forms of qualitative data, ranging
from interviews to observations, to documents, to audiovisual materials” (p. 98). These types of
artifacts could be collected asynchronously through multimedia to align with the research
emphasis on technology.
Reading Level
At one time, my district had reading teachers, but the administration chose to replace
teachers with commercial reading programs instead. Since that time, reading scores across the
district have dropped (NAEP, 2022). This is a concern that teachers feel strongly about because
reading ability affects student performance in all subjects. Reading levels are directly correlated
with math and science achievement: higher readers perform better academically (Abash et al.,
2016; Nortvedt et al., 2016; Stoffelsman & Spooren, 2018). The majority of students in my
classes read below grade level. Fang & Wei’s research, (2010), correlates higher reading levels
with higher science achievement. Future research should focus on how to increase
interdisciplinary reading and what constitutes effective reading instruction.
Technology
Student confidence in the use of technology as well as their willingness to work
independently were factors that may have affected their performance and attitudes (Knekta, E.,
Runyon, C., & Eddy, S., 2019). Teachers were challenged to close the transactional distance of
asynchronous learning by making lessons more interactive. As shown in this study, however,
interactivity alone did not create greater psychological closeness or help develop greater student
autonomy (Moore, 2012). Although the PLC district science committee I worked with revised

Asynchronous Instruction

125

our methods many times to attempt to make the lessons accessible and enriching for all students,
integrating new technologies was a challenge for both teachers and students and that hurdle was
confronted repeatedly throughout the school year. My district will continue to offer some types
of remote learning now that every student is 1:1 with a Chromebook. These action research
results from teacher-created lessons and assessments provide a metric for comparisons of
students’ responses to different types of learning that will be continuously monitored and revised
by the science curriculum PLC. In addition, the transactional distance a
Cultural Bias
The action and intention of enacting culturally relevant pedagogy in science education is
worthy of its own ethnographic research. An attempt was made to design lessons to account for
cultural bias. Within a culture, there is extensive diversity including distinct subcultures that
result in varying degrees of bias depending on geography, religion, years in the country,
language, and family structure (Kim, K.H. & Zabelina, D., 2015). The content team choosing
lesson materials worked in conjunction with an ESL consulting group. Although 95% of students
in the district were categorized as minorities, and 99% lived in poverty, (Alvarado, 2020), all
members of the content team and the consulting group were white middle class. I believe that my
district’s curriculum can be recontextualized to be more culturally sustaining and responsive.
LadsonBillings’ theory of culturally sustaining pedagogy addresses equity issues through a more
fluid understanding of students’ culture (2006).
Student positionality also affected research results. There is evidence that issues in
students’ homes are tied to lower academic achievement: linguistic isolation, living in crowded
conditions, lack of access to a computer or Internet, no adult in the household having completed
high school education, disabilities, and living in poverty (Spieback and Gallagher, 2021, para 3).
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The district has a responsibility to use Title 1 funds and COVID relief funds to ameliorate
conditions that are inhibiting student success. The Reading Foundation is a nonprofit
organization that was recently founded to look into the needs of the community and offer
guidance to the district as well as financial assistance to individuals or groups who write
proposals for the good of students.
English Language Development
As part of my professional collaboration, EL coaches and an EL resource teacher
observed and provided feedback on my synchronous classroom practices. Education practitioners
need to encourage effective collaboration between teachers to create interesting lessons that meet
standards (Ascd, 2005). I aspired to create lessons that challenge students but also be flexible
enough to allow for differentiated instruction that meets the needs of all learners. My school
district has a partnership with the English Language Development consulting firm, SupportEd.
The teachers benefit from Professional Development, coaching, and access to resources. The
students benefit from the new perspectives and insights that coaches bring to the classroom
(design thinking process) and the coaches cycle through grade levels to prevent education gaps
and promote positive pedagogical practices. In the virtual environment, asynchronous lessons are
scaffolded rather than differentiated.
Alber (2014) offers this definition of using strategies to meet students where they are:
Scaffolding is breaking up the learning into chunks and providing a tool or
structure, with each chunk… With differentiation, you might give a child an entirely
different piece of text to read, shorten the text or alter it, or modify the writing
assignment that follows. Simply put, scaffolding is what you do first with kids (p. 1).

Asynchronous Instruction

127

In my district, teacher preparation for remote instruction consisted solely of webinars and
video instruction offered by the local intermediate unit. The premise was that traditional teaching
methods and philosophies transfer to online platforms through the use of applications, or apps.
Teachers were permitted to choose the training most relevant to them as long as they fulfilled the
professional development time requirement. I chose to take advantage of all the resources offered
both out of professional curiosity and because future teaching assignments may require varied
skills or base knowledge. Student, teacher, and parent knowledge of these teaching techniques is
limited, requiring a steep learning curve in both technology use and learning support for all
stakeholders (Carrillo & Flores, 2020). This highlights the challenges of providing equitable
learning for all students.
Equity in Education
Education Week published an eight-part special report on COVID-19 issues in education
including the digital equity gap in impoverished schools, specifically, the lack of digital access
and techskill preparedness (Lieberman et al., 2021). Based on interviews with education
professionals, student learning success relied on a commitment from teachers to master their
learning management systems and being strategic about how to reach and respond to students. I
depended on my professional experience, content knowledge, and online training to be able to
engage in this new type of teaching and learning (Ascd, 2005) using Google Classroom along
with compatible apps and software. I wanted to know if access to self-paced lessons affected
students’ interest and comprehension. Asynchronous lessons allowed students to work at their
own pace and on their own schedule. Student responses to teacher-created asynchronous lessons
bear significance as indicators of equity that will provide practical data for future teaching
applications.
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Equitable teaching practices developed for ELLs in my district were based on research by
Fenner et al. (2017) outlined and summarized in the book "Unlocking English Learners'
Potential: Strategies for Making Content Accessible.” This text functions as a sort of manual for
ELL teachers and is interpreted for us by instructional coach consultants along with the English
as a Second Language (ESL) department. The scaffolds I built into my asynchronous lessons
were based on “Chapter 3: Scaffolding Instruction” which includes: “Concise instruction of
background knowledge” (p. 66), and the “Use of language with reduced linguistic load (p.66). In
addition, I “Analyzed the language demands of the lesson” (p. 71) and followed
sentence/language structures proven successful to draw out prior knowledge in my ELL student’s
English Language Arts classes.
Implications for practice
The process of analyzing data has made me aware that the methodology guides the
results. Although the PLC I worked with revised our methods many times to attempt to make
lessons accessible and enriching for all students, integrating new technologies was a challenge
for both teachers and students and that hurdle was recurrent throughout the school year. It was
difficult to analyze results because an unexpected variable was whether students did the
assignments. Future research should address how to get students to engage. My district will
continue to offer some types of remote learning now that every student is 1:1 with a
Chromebook. This will afford the curriculum PLC the opportunity to create lessons and
assessments that provide a metric for comparison of students’ responses to different types of
learning.
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Impact on my Practice

The societal disruption of the COVID-19 pandemic highlighted inequities in education in
my under-resourced district. COVID-19 had many impacts on teaching and learning in schools.
In my district, pivoting to teaching online brought many challenges for teachers and students.
The purpose of action research is to improve educational practice. My study was both
independent in that I used my research journal and data from my 8th-grade science students, and
also collaborative because I worked with a district science PLC to develop lessons aligned with
the curriculum and maintain consistency of teachers’ lessons throughout the district. My work
will continue using the design thinking process in both the district science PLC and also my
school equity committee. The design thinking process used by my district PLC is a cycle that
repeatedly seeks more information about students and evaluates how school affects students and
families. Culturally sustaining processes are not static; teaching practitioners need to “value and
validate” the stories of others (Paris, 2017, p. 112). I incorporate music students like TikToks
they make, and memes that are relevant to my content so that I can make stronger connections
with them.
Self-Regulated Learning
In 2021, the quantitative data did not show that lesson type affected student outcomes.
Many factors that were not measured by my study affected student performance, including, but
not limited to, connectivity, technology issues, physical location, distractions, lack of motivation,
and social and emotional concerns. The student completion rate was low, decreasing the sample
size which skewed the heterogeneity of the groupings. I was unable to find any relationships
between students' scores and their demographics such as reading level or bilingual ability.
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Across groups, students that were ranked in the bottom quartile of their Lexile level
underperformed. Students in each proficiency level (Proficient, Basic, and Below Basic) were
less likely to complete all of their assessments if they fell into the lower range of that level.
Conversely, since students had no knowledge of their rank compared to their peers, my
interpretation of that data is that students make a value judgment about where they belong in
their peer group. Although they may possess equal aptitude, they choose to do only enough work
to maintain whatever standard they set for themselves. This may be indicative of a self-fulfilling
prophecy linked to the way students have been grouped (or tracked) throughout their school
placement. The achievement culture in public schools leads to complex educational inequities
that manifest over time (Weinstein et al, 2004). Teachers should make a practice of providing
positive individual feedback to students while limiting competition in the classroom.
In my 2022 study, student groups were based on their district classroom placement. 8thgrade students in my district historically were grouped based on classifications according to
English language level, reading level, math level, and special ed status. In 2022, the district
scheduling policy changed. In years prior to the COVID-19 shutdown, student class placement
was based on standardized test scores. In 2022, however, students were heterogeneously
grouped, meaning they were considered diverse based on demographics, such as EL and Special
Ed placement, reading level, and math scores. The district’s philosophy encourages a growth
mindset by deemphasizing labels and differentiation. Students were developing 21st century
skills through a constructivist learning design that focused on heterogeneous cooperative groups
and more reflective learning. Students were encouraged to talk about their school experiences
and take more control of their learning. I take part in the Equity committee in my school so
teachers can make a team effort to address student needs and respond to their concerns.
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Impact on Practices of 8th-grade Science Teachers
Accessible Content
Teachers’ lessons are designed not only to address national science standards but also to
address language objectives for English Learners (ELs). The World Class Instructional Design
and Assessment (WIDA) language learning standards changed in 2020. English language
development (ELD) is a required component of all language instruction educational programs
(LIEP) and scaffolding for ELs was an important component of my lesson design. The data
matrix and concept map I developed were chosen to illustrate students’ level of interest,
background knowledge, engagement, and motivation. Overall, student answers accurately
reflected those components, indicating that the questions were appropriate for the task. Based on
some responses, the PLC decided to reword the question, “Does your experience with something
in the video help you answer the questions? If so, how?” The intent of the question was to ask
students about connections they had with the topic. Many students' answers to this question were
neutral or general. I think the sentence structure, with a preposition phrase in the middle, may be
confusing. Student answers to this question, “Have you used SI units in your everyday life? If so,
how?” were much more specific and detailed. Although I was pleased with the specific answers
students provided, I was disappointed there were not more of them. In the PLCs’ classroom
experiences, it was common for students to provide general or neutral answers because they are
safer; they fit into my preliminary coding categories of “they’re not wrong” and “words I heard
in the lesson”.
During the 2020-2021 school year, the posted assignments said “Watch the video and
answer the questions”. The students found two of the questions confusing:
● What part of the lesson was most interesting? Why?
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Did the lesson make you want to learn more about SI units? Why?
They did not understand that the word lesson referred to the video they had been told to

watch. Therefore, in the following school year, the PLC replaced the word lesson with video.
My district has a motto that “every teacher is a reading teacher”. The qualitative portion
of my study reflected the accuracy of this ideal. Content writers and teachers are responsible for
making lessons culturally relevant, freeing material from bias, and expressing complex ideas in a
straightforward way so that students can acquire a greater depth of knowledge through accessible
language.
Student Interest and Motivation
Multiple student comments made positive references to animals used in the lessons. The
student groups that had games as an option described the Cowapoult game; some students played
it multiple times, according to the Legends of Learning data. Answers varied, but among them,
students expressed approval of the Cowapoult activity because they thought it was cute and
funny. In general, students made more comments about animals in the lessons than any other
feature. A few students liked the small horse measured in a video, another liked that the birds'
beaks were measured with calipers, and one student mentioned the chickens in the game.
The second most popular topic in student comments was cooking. Some students
remarked that they enjoy watching cooking shows on Youtube. The type of measurements used
in videos depended on the Youtuber’s country and language. Many immigrant students in my
study grew up using SI units in everyday life since SI is the standard unit in almost every country
in the world. The topic of SI was not only familiar, but they had experience using SI measuring
tools when they cooked at home.
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Videos were very popular with students. In class, almost every student said they enjoy
watching videos and they do that in their free time. They were receptive to videos in the
synchronous classroom and often made specific comments about what they watched. Dr.
Pfeiler-Wunder remarked that “Visual modalities are a big part of learning” (Zoom meeting
6/22/22). This is especially true in multimedia lessons because students use visuals, along with
text, and audio to navigate through lessons. Visuals help to bridge the gap for learners who
struggle with reading. Educational experiences need to be “student centered, culturally
sustaining, and responsive to multilingual learners' strengths and needs” (WIDA, 2020). A goal
of the PLC is to create a repository of 35-minute videos with auto translated closed captioning
that addresses each standard. Multimedia learning, particularly short videos, appeals to our
student population and provides visual and auditory channels that promote learning (Mayer,
2021).
The lack of participation in my study limited my ability to learn more about my students
and their interests. Students from every demographic group (Appendix F) took assessments with
no evident pattern of participation. Every student that took an assessment had some comments
about the lesson, but the self-reported motivating factors were less distinct than their selfreported interest levels. Students don’t learn science if they don’t connect with curricular
material. It isn’t enough to provide high interest activities, we need to figure out why some
students want to do the work and why some don’t and, in addition, why most students did one or
two lessons, but not all. The study design for motivation is an avenue to explore possibly through
informal formative data collection in the classroom.
A motivational outlier in my study was the number of students who took an assessment
more than once. One student each from Group A and Group B took an assessment twice. Both
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students scored 100% on the retake. One student took an assessment four times but did not
improve her score; they reported that her special ed resource teacher had her redo the lesson.
Only 3% of all students who participated retook assessments. One student reported that their
parents made them redo the work, but the other students did not remark on their multiple
attempts at all. Note: this assignment was graded P/F. Did students do the assignment again for
their own personal scholarship or to please their parents? As a teacher, I need to be aware of
students who go above and beyond the normal classroom practice to achieve. Their motivation to
improve is a factor for further study.
Motivation was a difficult factor to measure. So many nuances of our lives affect how we
deal with change and how we perform in unfamiliar or uncomfortable situations. I completed my
doctoral studies and carried out this research virtually. The transition for me as a doctoral student
was jarring and even when most schools returned to face-to-face learning, my course of study did
not. Although highly motivated, my academic success decreased during my independent studies
in which I was the only student and did not have regular transactions with the professors.
Conclusion
The results of my study were not what I expected, wanted, or hoped for. Virtual learning
in my urban district was inaccessible for some students. Asynchronous learning, in particular,
had a low rate of return. Using technology to deliver content to students was a shot in the dark
because the magnitude of the paradigm shift during the COVID-19 shutdown was
unprecedented. Teachers across the world provided lessons on platforms that were largely
untested using strategies that weren't grounded in research. Technological change happens
rapidly, is open to innovation, and can be shared throughout the world. These factors were an
attribute during the volatile time period that schools were closed. Software companies, teacher
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blogs, virtual meets, and online forums became sources of support for teachers. My study
highlighted the need for further research and a curriculum that draws from teachers’
understanding of their student’s cultural backgrounds, interests, and abilities. In fact, the RAND
Corporation’s national survey on instruction found that the vast majority of teachers design their
own lessons from a variety of sources, including Pinterest, Google, and TeachersPayTeacher
(Opfer et al, 2016). The bottom line, however, is that teachers putting in more time is not the
answer to student engagement, nor is the district spending more money on education apps that
are not giving a return on the investment.
Schools calculate students’ success by effectively engaging all students in learning. A
student-centered classroom allows learners to self-regulate their learning, including choosing
their skills and content learning goals (Cai et al, 2020). Self-regulated learning allows greater
flexibility to provide opportunities for students who have varied learning styles, interests, and
experiences. It allows schools to move away from traditional time constraints dictated by scope
and sequence curriculum models and instead allows time to be the variable as students work at
their own pace. Schools are required to provide an education, but not all students want to be
educated. Any research on how to engage students - particularly those who are less motivated will benefit all students.
Students and teachers experienced a disorienting dilemma during the pandemic and
began to examine their assumptions about schools and learning, which Mezirow (2000) describes
as part of the transformation process. Mezirow (1997) argued that the central element of
perspective transformation is critical self-reflection. I realized that the schema I regarded as best
practice for teaching science to 8th-graders was no longer applicable to my virtual classroom.
Documenting the process of change along with my reflection on that change helped me to
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recognize that one of the most important attributes a teacher can possess is the willingness to be
open to transformative experiences. Transformation is collaborative; addressing change can only
happen through a process that is empathetic to students’ and teachers’ needs and allows
flexibility in pedagogical methods as circumstances change and design thinking reveals
meaningful data.
The district’s philosophy is to educate every child; to do so mandates examining all
issues that affect meaningful learning. My research focus was on providing better content lessons
for my students because I love science and I want to share that excitement with my students in
the hopes of furthering their education. What I discovered in my research was that the most
important thing is not how I teach, but that I teach with intent (designing lessons to meet needs)
for the students in my classes. I, as a teacher, struggled with some of the same emotional and
technical issues as many of my students. My key takeaways from this research are (a) teachers
cannot work in isolation, a professional learning community provides necessary peer feedback,
(b) a teacher’s pedagogy is only effective when students meet them in the classroom, there are
issues beyond the classroom that prevent students engaging in learning the school’s curriculum
(c) students want to take control of their own learning, respond with greater interest and
motivation when given autonomy in the classroom.
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Appendices
Appendix A
Screenshot Example of Week 1 Lesson 2020-2021 and 2021-2022 (Groups A, B,C,D)

SI Video Questions for Britannica International System of Units
1. What part of the video was most interesting? Why?
2. Did the video make you want to learn more about SI units? Why?
3. Why is it important to have an international system of measurement?
● So scientists all over the world use the same system
● So scientists can keep secrets in their own language
● Because there are international television shows
● Because bird beaks need to be measured a certain way
4. What SI unit is used to measure time?
● Meter
● Mole
● Candela
● Second
5. Which item below can be used to measure one of the SI values?
● Trumpet
● Car
● Meter stick
● Flashlight
6. Which is not a type of SI measurement?
● Gravity
● Mass
● Length
● Time
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Appendix B

Screenshot Example of Week 2 Lesson 2021-2022 (Groups C, D, E,F)

SI Video Questions for BrainPop Jr. Metric System
1. What part of the video was most interesting? Why?
2. Did the video make you want to learn more about SI units? Why?
3. What are centimeters?
● A unit to measure length.
● A unit to measure weight.
4. When you measure it is important to line up the object with the _____ on the
ruler.
● zero
● Anywhere
5. The abbreviation for centimeters is
● cm.
● ft.
● in.
6. 1 meter equals
● 100 centimeters
● 10 centimeters
7. The abbreviation for meters is
● m.
● ft.
● cm
8. Kilometers can be used to measure
● long distances
● very short objects
9. Centimeters, meters, and kilometer are units used in the
● metric system.
● customary system.
10. What unit of length would you use to find the distance between Reading, PA and
Puerto Rico
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Appendix C

Screenshot Example of Week 3 Lesson 2021-2022 (Groups C, D, E, F)

SI Video Questions for MooMoo Math and Science Learn the Metric System in 5 Minute
1. What part of the video was most interesting? Why?
2. Did the video make you want to learn more about SI units? Why?
3. What was the first country to record measurements?
● Egypt
● India
● the USA
4. Why was the SI (International System of Units) created?
● To reduce frustration and confusion among countries
● To make measuring harder
● To make France appear smarter than the rest of the world.
5. A decimal system means that all units are based on..
● powers of 10
● powers of 3
● powers of 1
6. What happens when you move the decimal point in the metric system?
● The number gets divided by 2
● The number gets larger or smaller
● The number turns to zero
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7. Prefixes come __________ words.
● after
● in the middle of
● before
8. Which measurement would be used for long distances?
● centimeter
● millimeter
● kilometer
9. Which of these is not a part of the metric?
● Using a base unit
● Using a prefix
● Using powers of ten
● Using your own special units not used in other countries
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Appendix D

Screenshot Example of Week 13 Legends of Learning Lesson 2021-2022 (Groups E & F)
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Appendix E

Summative Assessment Week 4 (Groups A, B, C, D, E, & F)
SI Units of Length
1.
2.
3.
4.

Did the SI videos make you want to learn more about SI units? Why?
Have you used SI units in your everyday life? If so, how?
In these lessons, what did you like? What didn't you like?
What does mm represent?
● millimeter
● centimeter
● meter
● kilometer
5. What does cm represent?
● millimeter
● centimeter
● meter
● kilometer
6. What does m represent?
● millimeter
● centimeter
● meter
● kilometer
7. What does km represent?
● millimeter
● centimeter
● meter
● kilometer
8. How many cm are there in a m?
● 1
● 10
● 100
● 1000
9. How many cm are on a mm?
● 1
● 10
● 100
● 1000
10. How many m are in a km?
● 1
● 10
● 100
● 1000
11. Which measurement is the largest?
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● 14mm
● 1cm
12. Which measurement is the largest?
● 334 m
● 1 km
13. What is the length of this line in centimeters?

14.

What is the length of this pencil in centimeters?

15.

What is the length of this pencil in centimeters?

16.

What is the best unit of length for an eyelash?

17.

●
mm
●
cm
●
m
●
km
What is the best unit of length for a flagpole?
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1.
2.
3.
4.

mm
cm
m
km

18.

What is the best unit of length for a strand of spaghetti?

5.
6.
7.
8.

19.
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mm
cm
m
km

What is the best unit of length for the distance between Reading, PA and New York, NY?

9. mm
10. cm
11. m
12. km
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Appendix F

Demographic Data of Students who Took the Assessment

Group A

Group B

Group C

Group D

Group E

Group F

54

55

19

22

22

23

Advanced

54

55

2

3

3

3

Proficient

2

3

2

4

4

3

Basic

7

8

5

5

6

5

Below
Basic

5

6

8

9

9

12

Not Tested

39

38

2

1

0

0

Entering

4

7

10

0

1

0

Emerging

1

5

1

2

3

6

Developing

6

12

0

6

5

1

Expanding

15

6

0

2

1

0

Bridging

1

1

0

1

0

1

Not tested

1

1

0

0

1

0

Not EL

26

23

8

11

11

15

Female

33

30

6

12

13

12

Male

21

25

13

10

9

11

Special Ed

1

7

1

0

1

9

Truant

3

11

0

0

2

0

Hispanic

53

50

19

19

19

20

White

0

3

0

2

2

1

Black

1

2

0

1

1

2

Spanish

53

49

17

14

16

16

English

1

4

2

7

4

6

Other

0

1

0

1

2

1

Student Total
Lexile

EL/WIDA

Sex

Ethnicity

Home
Language
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Science Grade A

15

17

7

5

6

4

B

6

9

6

8

8

4

C

21

3

3

5

3

6

D

2

5

3

3

2

4

F

10

13

0

1

3

5
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Appendix G
Lexile Levels

The Lexile framework for reading, 2022
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Appendix H
First Round Coding Exemplar

Code

Description

Definition

Example

1 What I know
about science

inaccurate answers that
include science vocabulary

science knowledge that
doesn't relate to the lesson

Carbon dioxide has two
oxygen molecules

2 Understanding
the lesson

accurate answers

evidence of lesson
comprehension

We use tools to measure
things

3 Words I heard in incomplete answers
the lesson

one word vocabulary

temperature

4 I didn’t watch it avoiding answer

no evidence of content
knowledge

idk

5 Rephrase the
question in the
answer

use of sentence starters that
repeat the question

the answer restated the
question

I liked how the lesson was
taught to me

6 Let’s get this
over with

answer that is "good enough" evidence of lesson
participation but not
comprehension

Learning about different SI
units

7 Engaging in the student wants to learn
lesson

answers shows both
comprehension and interest

The amount of instruments
scientists use to measure

8 Word salad

student may not have
understood lesson,may have
limited reading/writing
ability, may have been
rushing

answer doesn't make sense

I like meters measure length
or distance

9 ...They’re not
wrong

student gave a general or
vague answer

evidence of indefinite
comprehension

They can measure those
things in certain ways

10 Honesty

student shared opinion

answer that expresses
student's feelings

I was bored and it was
assigned

11 Scholarship

student used academic
language to be successful on
assessment

detailed knowledge of lesson

Luminous intensity, or the
brightness of a light source, is
measured in candelas

12 Connections to indicates use or knowledge of evidence of background
home/class
science terms or practices
knowledge

I use measurements to cook

13 Somebody told
me the answer

The most interesting were
seven base units because it
makes measurement standards
for the world/ Las más
interesantes fueron siete
unidades base porque crea
estándares de medición para el

exact wording and translations
show that resource teacher
worked on assignment with
EL students

answer is exactly the same as
other students' answers and is
written in complete sentence
form
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